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This study attempts to explore the possibility of the 
occurrence of secular trends in height in an historic 
population of Sioux American Indians, and presents the 
results from an analysis on anthopometric data from two 
primary sources. One data set was collected in the late 
19th century under the direction of Franz Boas. A later 
early 20th century set was collected by Dr. James R. Walker. 
A cross sectional design is used to examine an unusually 
long span of Sioux history; ca. 1820-1880 for the adult 
(individuals over 20 yrs.) analysis, and ca. 1892-1907 for 
the children (aged 6 to 11 years). Trends observed in the 
data are interpreted in light of the insights they provide 
into the health and nutritional status of this population. 
Adult heights (n=ll95 tot.) were adjusted for aging 
effects and regressed on age, sexes being analyzed 
separately. Tests for differences between the means of age 
cohorts by decade of birth (1820-1880) were also carried 
out. The one sample of adults that showed significant 
differences between age-cohorts in this latter test also 
showed a significant positive linear secular trend (Walker's 
adult males). Child heights (n=717 tot. ) were used to 
examine any trend within the 15 yr. interval between 
original observations (1892 and 1907). A test for 
equivalence of regression slopes and for means was carried 
out comparing the two samples of children. 
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No convincing secular trend could be discerned in the 
majority of the adult analysis (p.c05). Similarly the null 
hypothesis of equivalence of slopes could not be rejected in 
the analysis of the child samples. The failure to find any 
negative secular trend in this population of American 
Indians is remarkable given the drastic socioeconomic 
changes that occurred with the coming of the reservation 
period (1876 on), and the concomitant radical changes in 
subsistence lifeways. Comparisons with contemporary 
populations of White Americans also show that the Sioux 
remained consistently taller than Whites well into the 
reservation period. 
vii 
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Secular trends in the stature of children and adults 
have been observed for decades and known for over a century 
(Tanner, 1966, 1981; Van Wieringen, 1986). It has been 
generally well established that in developed or industrial 
countries there has been just such a long term systematic 
change in height, showing a strong positive trend since 
World War II  (and generally since the end of the 19th 
century), for increasing height in successive generations of 
given populations. This secular trend can be observed in 
all ages, and coincides with the moment that industrial­
ization began to improve socioeconomic conditions. As such 
changes in height are quite sensitive to fluctuations and 
variations in economic, cultural and socio-hygienic 
conditions, changes in secular growth can serve as 
indicators of the health and nutritional status of a given 
population. Indeed, this close relationship between changes 
in exogenous factors and growth pattern has been used to 
augment standard economic histories for developing western 
nations during the 18th and 19th centuries (Floud, 1984; 
Fogel et al. , 1983; Fogel, 1986; Komlos, 1987; Sandberg and 
Steckel, 1987; Steckel, 1986), and has proved useful in 
deriving improved measures of living standards for these 
historical populations (Steckel, 1988a). 
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It is reasonable to assume that the histories of most 
population groups, when examined in such a manner, will 
exhibit undulating changes in growth patterns in response to 
shifting environmental circumstances, such as changes in 
nutritional status, economic welfare, and morbidity and 
mortality (Malina, 1979). This thesis will attempt to 
document just such a trend (or trends) in an historic 
population of Sioux (Dakota) North American Indians. Any 
trends observed in the data (adult and child statures) will 
be interpreted in light of what historians and anthropol­
ogists now know about the situation of the historic Sioux 
tribes during the 19th and early 20th centuries. 
The samples utilized in this study are a subset of the 
larger (ca. 20,000 individuals) Boas North American Indian 
anthropometric data set. This data set is currently being 
curated at The University of Tennessee (Knoxville) for the 
purpose of microfilming and computerizing the original data 
sheets. The bulk of this data set was generated as part of 
an anthropometric survey undertaken by the World's Columbian 
Exposition under the direction of Franz Boas during the 
years 1891-1892. These data represent the largest and most 
comprehensive North American Indian data set ever assembled 
(Jantz and Key, 1987; Jantz, pers. comm.). The samples 
utilized for this thesis are believed to represent the 
largest historical American Indian data set ever examined 
for secular trends. 
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A working hypothesis was constructed about the possible 
shape or direction of a secular trend in 19th century Sioux 
(ca. 1820-1880 by decade of birth for the adult analysis), 
and late 19th and early 20th century Sioux (children and 6 
to 11 years reporting on the 15-year interval 1892-1907). 
It was conjectured that since the Sioux have usually been 
reported as being among the tallest of all Indians (Boas, 
1894; Schell and Johnston, n.d. ; Wissler, 1911), and given 
that there are ample reports of stress they were subjected 
to upon their move to the reservations, one might expect a 
negative secular trend. That is, with worsening living 
conditions, inadequate nutrition and radical changes in 
activity and subsistence patterns (from semi-nomadic hunters 
to sedentary farmers or herders), one might expect 
individuals born during or after the reservation period to 
exhibit shorter statures when compared to adults born 
earlier in the 19th century. (The final phase of 
establishment of permanent Sioux reservations occurred 
during the period 1870-1876). In this manner, the 
reservation period provides a common time horizon as well 
as a shared experience of universal importance to all the 
Sioux groups represented in this study. 
The significance of this thesis lies in the exploration 
of several important questions heretofore seldom studied or 
difficult to address when involving an understanding of 
American Indian biological variation and adaptation (Jantz 
3 
and Key, 1987): (1) an examination of an unusually long 
span of Sioux (Indian) history (about 2/J's of Sioux history 
on the Great Plains, up to 1907, is represented) for secular 
trend; and (2) an assessment of Sioux adult and child growth 
in relation to contemporary white standards of the 19th and 
early 20th centuries. 
4 
CHAPI'ER II  
A GENERAL SKETCH OF SIOUX HISTORY (1820-1900) 
The following is a brief survey of Sioux history, 
intended only to provide a framework of interpretation for 
the research results reported in this thesis. There are 
many sources from which a more detailed depiction of Sioux 
history and life can be gleaned (e.g., Anderson and 
Hamilton, 1971; Bad Heart Bull, 1967; Bowler, 1944; 
DeMallie, 1984; Commissioner of Indian Affairs [C. I. A. ], 
1870-1910; Gerlach, 1970; Hassrick, 1964; Hickerson, 1974; 
Holder, 1970; Howard, 1966; Hurt, 1974; Hyde, 1967, 1956; 
Johnston, 1948; MacGregor, 1946; Marken and Hoover, 1980; 
Nurge, 1970; Olson, 1965; Powers, 1977; Prucha, 1984; 
Schell, 1975; Seerley, 1965; standing Bear, 1928; Textor, 
1896; Utley, 1963; Walker, 1980, 1982, 1983; Wedel, 1940, 
1986; Weist and Sharrock, 1985; Wood, 1986; Wood and 
Liberty, 1980; Woolworth and Champe, 1974). 
Identity and Demography of the Dakota 
or Sioux Indians 
As Howard (1966: 1) reminds us: 
Perhaps no tribe of American Indians with the 
possible exception of the Apache, is as familiar 
to the general public as the Dakota or "Sioux." 
Famous for their stubborn resistance to the 
Whites, the Dakota remain the favorite prototype 
for Indians in "Western" films, romantic novels, 
and television sketches. 
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The term "Sioux" is derived from the French corruption 
of the Chippewa term for enemy "Nadowe-is-iw, " meaning 
literally "snake" or "adder, " and dates to the time when 
the entire Sioux tribe resided in the western Great Lakes 
region (Howard, 1966). A common mistake made when referring 
to these Indians as "Sioux" is the confusion with the 
linguistic term "Siouan. " Although the Dakota language is a 
member of the Siouan language family, this category also 
includes many of the historic tribes perennially at war with 
the Sioux (e. g. , the Omaha, Winnebago and Mandan tribes). 
Therefore, Siouan should not be used as an adjectival form 
of Sioux, the latter referring to the trib�l identity. Both 
the United States and Canadian governments officially refer 
to the tribe as Sioux, and the term is now commonly used by 
both Whites and Indians when speaking English (Howard, 
1966) . 
At the time of first white contact the Sioux were 
essentially Woodland Indians living in the region near the 
western margin of the Great Lakes, a territory that now 
comprises most of the middle and southern portions of 
Minnesota, and some adjacent areas of Iowa, Wisconsin, and 
North and South Dakota. At this time (ca. 1640-1700), it is 
inferred that the tribe was divided into seven bands or 
"council fires. " These were: 
Eastern or Santee division: 
1. Mdewakantonwan ("Spirit Lake Village"); 
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2. Wahpekute ("Shooters Among the Leaves"); 
3. Sisseton ("Fish Scale Village"); 
4. Wahpeton ("Dwellers Among the Leaves"). 
Middle or Wiciyela/Yankton division: 
5. Yankton ("End Village"); 
6. Yanktonai ("Little End Village"). 
Western division: 
7. Teton ("Dwellers on the Plains"). 
With the migrations of these groups both south and west 
there arose three great divisions of the tribe as cultural 
and dialectic differences emerged. These are the Eastern, 
Middle, and Western divisions, as noted above. As a further 
consequence of these migrations, several sub-bands were 
created. These are most notable among the Western or Teton 
division, but also exist for the Middle Sioux (Feraca and 
Howard, 1963) (Figure 1). 
Migrations were quite frequent during the first hundred 
years of Sioux history since white contact. Under constant 
pressure from their better-armed Algonquin neighbors to the 
north and east, the Sioux gradually moved out of their 
territory around the headwaters of the Mississippi (in 
Minnesota) on into the Minnesota Valley. From this region 
the Western and Middle divisions of the Sioux began to drift 
slowly westward, following the buffalo herds, until they 
reached the open plains of the Missouri Basin, in the 
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had reached the Black Hills, finding timber, game, and 
buffalo plentiful there (Hyde, 1967; Schell, 1975). As 
Schell notes (1975: 22), eventually the domain of these Teton 
and Yankton Sioux came to include not only all of the 
territory of South Dakota (and portions of North Dakota), 
but generally "· . .  extended from the Republican River in 
Kansas and Nebraska westward to the Rocky Mountains and 
northward to the Canadian border. " (The historic territory 
of the three Sioux divisions are indicated in Figure 2. ) 
For the purposes of this thesis both the Western 
(Teton) and Middle (Yankton) Sioux will be referred to 
collectively as "Plains" Sioux when a comparison with the 
Eastern or Santee Sioux is made. This categorization is 
made mainly for heuristic ends, with the full realization 
that only some Yankton or Yanktonai would meet the 
requirements of a strict interpretation. Most of the 18th 
and 19th century Yankton domain lay between the Big Sioux 
River on the east and the Missouri River on the west, 
occupying much of the eastern part of the present state of 
South Dakota. The Yanktonai (a Middle division sub-band) 
domain was situated in much the same manner, only further 
north, extending from the Red River in the east to the 
Missouri in the west. With the Red and Big Sioux rivers 
making up most of the boundary between the Eastern and 
Middle and Western Sioux, it is sometimes convenient to 





















Figure 2. Map of historic Sioux Territory ca. 1800-1850. 
From: Howard, J. H. (1966) The Dakota or Sioux Indians. 
University of South Dakota: Dakota Museum. 
Anthropological Papers No. 2 (N. P. ). 
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by Howard (1966, 1972, 1976), this is somewhat of a 
misleading simplification, as most of the Yankton could be 
found in a "tall grass" or prairie environment, which is 
easily distinguished from the more arid "short grass" plains 
country. This latter area was the proper domain of the 
Teton, who would come to occupy the trans-Missouri lands 
west of the Missouri and extending over several present day 
states (notably_ Nebraska, with smaller portions of Montana 
and Wyoming). Many early ethnographic reports also utilized 
a similar scheme, i. e. ,  the Sioux of the Mississippi [River] 
and the Sioux of the Plains/West (Hurt, 1974). 
Subsistence and Diet of the 
Pre-reservation Sioux 
As noted by Hurt (1974: 18): 
No single village or economical pattern has 
characterized all the Dakota Sioux since the time 
of European contact. In addition, that of a 
single tribe (band] also varied through time. 
This variation resulted from the many different 
ecological zones inhabited by the Sioux in their 
homeland in the headwaters of the Mississippi, and 
was compounded by the migrations of many of the 
Sioux tribes into the northern plains at a later 
date. 
The familiar image of the Sioux as nomadic equestrian 
bison hunters and tipi-dwellers of the western plains 
actually represented a life way that gradually developed 
during the ensuing century since white contact, and only 
then properly categorized the most western divisions of the 
tribe (the Tetons and to a lesser extent the Yanktons). The 
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Eastern or Santee Sioux largely retained their Woodland 
Indian identity up until the period when conflict with 
Whites forced them to be removed from their ancestral 
homeland and scattered widely over the Plains. 
A central unifying feature for most of the Middle and 
Western Sioux bands was their primary or heavy reliance on 
buffalo as a principal subsistence resource. Although this 
buffalo economy was not fully organized until after these 
new migrants crossed and came to occupy the lands to the 
west of the James and Missouri Rivers (South Dakota), it 
seems to be firmly established by the period 1790-1800 
(Hagen and Schaw, 1960; Holder, 1970; Hurt, 1974; Hyde, 
1967) 
Of equal importance to these Sioux was the adoption of 
the horse. Originally horses were variously gifts of or 
stolen from the then more populous, sedentary riverine 
Plains tribes (the Mandans and Arikaras), who would be 
eventually displaced by the westward migration of the Sioux, 
and driven from their territory. With the introduction of 
the horse (ca. 1760-1790) the Sioux, formerly semi-sedentary 
hunter-gatherers, were radically transformed. New 
ecological opportunities were now possible; with their newly 
acquired horses the Sioux could range over astonishing 
distances to hunt the buffalo and came to rely upon this 
skill to provide an increasing share of their subsistence 
base. As trade firearms became more readily available, the 
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horse enabled the Sioux to wage war with great effectiveness 
against their Plains neighbors: the Arikaras, Cheyennes, 
Crows, Omahas, and Poncas (to name but a few). The Teton 
Sioux were exemplars of this new adaptation; they became 
buffalo nomads, and within one generation after crossing the 
Missouri River (about 1750) they, along with some of their 
Yankton brethren, had driven the once powerful Arikaras from 
their stronghold near the Great Bend of the Missouri (ca. 
1775-1792) (Holder, 1970; Hyde, 1967). 
For the Teton the buffalo provided for virtually all 
their needs: the buffalo robes were used for garments, 
bedding, and for trade; tanned hides served in the 
construction of food containers and the tipi (the main type 
of Teton dwelling for both summer and winter); bones and 
horns were made into implements for hide processing and 
other tools; and the sinews furnished thread, bow strings 
and rope (Hassrick, 1964; Nurge, 1970; Seerley, 1965). 
The location of Teton camps were largely determined by 
the access they afforded to sizeable buffalo herds. Other 
accommodations were made in the Teton cultural structure to 
meet these new circumstances; sub-bands were formed, and 
bands in general became more fluid entities to better 
sustain a nomadic way of life. Teton material culture also 
came to reflect this nomadic imperative, being light, 
durable, and easily transported. The use of pottery was 
abandoned, and whatever limited horticulture previously 
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practiced was generally given up. (This latter feature does 
not entirely apply to the second Plains Sioux division, the 
Yankton or Middle division, as noted below). The horse 
quickly became a valuable commodity: a measure of a man's 
wealth, and a significant contribution to the economic 
security of the entire band. With the aid of a fast durable 
horse, a man could with relative ease acquire a surplus of 
buffalo meat for his family (Hassrick, 1964; Howard, 1966; 
Hyde, 1967). 
In addition to buffalo the Teton were also known to 
have exploited a number of other animals: deer, elk, 
antelope, porcupines, beavers, otters, raccoon, bear, 
bobcats, coyotes, bighorn sheep, squirrels, as well as 
nearly any other animal available on the plains (Seerley, 
1965). A wide variety of plant resources were also known to 
have been utilized by the Teton Sioux as well as other 
Plains Indian tribes (Gilmore, 1919). Most notable among 
these were the timpsina or prairie turnip, wild artichokes, 
wild onions, choke cherries, gooseberries, buffalo berries, 
elderberries, wild plums, sand cherries, and nuts of all 
sorts. Additionally, the inner bark of cottonwood trees 
was often used to feed hungry horses during the winter, and 
the soft maple and box elder provided sap for sugar 
(Hassrick, 1964). The Teton were also known to obtain corn, 
beans, and squash through trade with the sedentary Missouri 
river tribes (Arikara or Mandan), or failing this, by 
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plundering these and other neighboring tribes (Hassric�, 
1964; Seerley, 1965). 
The Yankton or Middle division Sioux subsistence 
pattern differed somewhat from that of the Teton, the 
principal distinction being the extent of Yankton 
involvement with farming or gardening. Ethnographic 
reports from the period clearly indicate that some Yankton 
did practice a limited sort of horticulture, with different 
bandsl being cited for the custom during much of the pre­
reservation period (Woolworth and Champe, 1974). It seems 
equally clear that this practice was not uniformly observed 
for all or "most" of the Yankton, or indeed for any one 
large consistent group for a period much before 1840-1850. 
The record seems to indicate that horticulture declined in 
importance after the Yankton had migrated onto the prairies 
and plains around 1700. Like the Teton, they came to depend 
more heavily upon the great herds of buffalo to supply most 
of their needs. It was only with the drastic diminution of 
these herds within their territory did they again take up 
horticulture and government sponsored agriculture in any 
great numbers (Woolworth and Champe, 1974). 
As evident from compiled ethnographic reports, part of 
the problem in assessing the extent of such practices among 
the Yankton is the diverse and complex relations the Yankton 
. 1 Here "band'' is utilized in a generic sense, i.e. 
Drifting Goose's band, indicating the chief of a "band" of 
Lower Yankton Sioux. 
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regularly engaged in with both the Santee and Teton bands. 
Seemingly for any given time horizon (a ten-year span for 
example), a variety of different circumstances cari be 
revealed: in 1805, for example, the Yankton are reported to 
be following the buffalo "as chance directs"; but another 
band of Yankton are reported to be raising corn on the Des 
Moines River in 1812 (Woolworth and Champe, 1974: 183). 
During this time period several different Yankton bands are 
reported to have been traveling and hunting with various 
Teton bands, principally east of the Missouri River. Yet 
about ten years later (1822) we find ethnographic reports 
mentioning Yanktons camped with some Sisseton and Wahpekute 
bands near the Blue Earth River in southwestern Minnesota. 
By 1836 there is clear evidence that the Yanktons had 
shifted their hunting grounds from the banks of the Missouri 
to the Teton territory around the Black Hills (Woolworth and 
Champe, 1974). It seems reasonably apparent that the 
Yankton enjoyed decent enough relations with both 
neighboring Sioux divisions, and were flexible in 
association with both as mutually beneficial opportunities 
arose (e.g. cooperative hunts or village sites for 
cultivation and trading fairs). 
Another researcher (Howard, 1966, 1972, 1976) has long 
argued that Yankton contacts with the semi-sedentary 
riverine tribes (the Arikara, Hidatsa, Mandan, and Ponca) 
brought about cultural changes in the Yankton, to the effect 
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that "by the beginning of the reservation era both Yankton 
and Yanktonai bands had approximated many of the cultural 
patterns of these riverine tribes to a remarkable degree" 
(Howard, 1966: 1). According to this model, the Yankton, 
like the riverine tribes, would plant their crops of corn, 
beans, and squash along the floodplains of the Missouri, 
James, and Vermillion rivers. Their seasonal pattern would 
differ from the Teton in that these villages would be semi­
permanent, and the Yankton would return from the summer 
buffalo hunt in order to harvest crops that had been planted 
the previous spring. After an August harvest the Yankton 
would remain in these villages until the late fall or winter 
bison hunt would begin, returning to plant once again in the 
spring. However, as noted above, it is not entirely clear 
that this type of horticulture was commonly practiced among 
the Yankton for most of the pre-reservation period. 
Most sources agree that for a majority of Yankton the 
buffalo remained a primary focus of the subsistence economy 
of these Middle Sioux. This is not to deny the possibility 
that some bands of Yankton may have derived a considerable 
or important part of their subsistence from horticulture, 
only to again note that such bands seem to have been in the 
decided minority. 
In other aspects the Yankton were quite similar to 
their Teton neighbors; the horse was of vital importance to 
them, and for the most part they continued to exhibit the 
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characteristic nomadic hunting economy that is seen for the 
Western division Sioux. Also in common with the Teton, the 
tipi was the principal dwelling, and the same basic food 
stuffs were utilized by both divisions (Warren, 1986). Both 
bands also shared a passion for "wasna," a particular 
"mixture of pounded, pulverized meat and choke cherries that 
had been pounded into a pulp (pits and all) and combined 
with animal fat" (Seerley, 1965: 77). This preparation when 
tightly wrapped in a hide "parfleche" pouch could last for 
several years, and sustained the Sioux while traveling or in 
times of famine. In this manner, a surplus of buffalo meat 
could be stored for later use, a highly valuable 
consideration given the Plains Sioux nomadic way of life. 
The Santee or Eastern division Sioux had a subsistence 
economy that most closely resembled their Central Algonquin 
woodland neighbors (the Ojibwa, Menominee, Sauk, and 
Winnebago). Although the Santee are known to have hunted 
the buffalo, this animal did not represent the same economic 
focus for the Santee as it did for the Plains Sioux. The 
more common game species of the eastern forests were more 
important to most Santee: deer, moose, and a wide variety 
of fish being the most prominent of these. Wild rice was 
also known to have been gathered, and along with other wild 
foods like the timpsina (prairie or wild turnip) and maple 
sugar, provided an important share of the diet for most 
Santee. Extensive gardens were also maintained by most 
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Santee in which corn, beans, squash, pumpkins, and tobacco 
were grown (Howard, 1966; Woolworth and Champe, 1974). 
In general most Santee traditionally hunted on foot, 
but several different bands are known to have occasionally 
hunted with the Yankton for buffalo. It seems likely that 
during these periods when they hunted on the prairie, the 
Santee utilized horses extensively. It is also apparent 
that horses were gradually incorporated within the Santee 
lifeway and became more popular sometime after 1800. It is 
also fairly certain that horses were never as prevalent 
among the Santee as they were among the Plains Sioux. At 
the time of the Minnesota uprising (1862) Bowler (1944) 
makes mention of several bands of mounted "hostile" Santee 
and the troubles involved in capturing these roving bands. 
Ethnographic reports also indicate that for 
considerable periods of  time some Santee bands were known to 
have camped and traveled with various Yankton bands in the 
Missouri River basin. As Woolworth noted (1974: 84), "we 
have unmistakable evidence that a sizable body of Santee 
Sioux had moved from southern Minnesota or northwest Iowa to 
the Missouri and had joined the Yankton . . .  " in 1830. It 
should be mentioned that this band seems to be 
identifiable, and continued to be associated with these 
particular Yanktons (from the Upper Missouri Agency) for 
nearly a decade. Other bands of Santee are known to have 
frequented Yankton territory during the late 1830s and the 
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1840s, principally because game was growing scarce in 
Minnesota and northwestern Iowa. 
The Santee subsistence pattern was substantially 
different from the Plains division Sioux. Most Santee bands 
concentrated on a different spectrum of food resources that 
were not available on the prairie or plains of the Dakota 
territory. They utilized different house types, and in 
their dress and economy more closely approximated their 
Central Algonquin neighbors than the Sioux of the Plains. 
In these traits the Santee division seemed to have retained 
the "ancestral" type of economy that is postulated for all 
pre-migration Sioux (i. e. before 1700) (Howard, 1966; Hurt, 
1974). Although extensive conflicts and wars with Algonquin 
tribes (Sauk, Fox, and Chippewa among others), forced the 
Santee to retreat to southwestern Minnesota and northwest 
Iowa after about 1800, they never fully migrated onto the 
plains as did the Teton and the Yankton Sioux (Hickerson, 
1974; Woolworth and Champe, 1974). Up until the Minnesota 
uprising of 1862, most Santee could be found within a 
territory bounded on the west by the Red and Big Sioux 
Rivers, and on the northeast by the Mississippi River; the 
furthest extent north being about the present city of St. 
Cloud (Minnesota); the southern extent being not much beyond 
the present city of Sioux City, Iowa. 
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A Brief Sketch of Sioux 
History: 1820-1900 
By the year 1800 the Sioux of the Plains were beginning 
to consolidate their position and settle into the 
territories that would come to be identified with them 
throughout the pre-reservation period. French trading 
expeditions at the time clearly note that the Plains Sioux 
were "all migratory" and those residing near the Minnesota 
River (the Santee), were mainly "tillers of the soil" (Hurt, 
1974: 130). Also at this early date (1802-1804), the 
particular pattern of endemic warfare that would come to be 
associated with the Plains Sioux was readily apparent. An 
unequal trading relationship between the Sioux and the 
Arikara was also noted, this latter tribe having been 
decimated by several great epidemics of smallpox (1750 and 
1780-1782) (Hyde, 1967; Taylor, 1977) and recurrent 
depredations by the Sioux, who would come to appropriate 
Arikara hunting lands on the Missouri. Most of the bands 
contacted by these White traders were situated on both banks 
of the Missouri, and did not seem to occupy the lands far 
into the plains west of the Missouri in great numbers. 
The Lewis and Clark Expedition of 1804-1806 made note 
of the fact that annual trading encampments were held at the 
head of the James River, and that this area of present day 
eastern South and North Dakota was repeatedly traversed by 
all the Sioux divisions: the Tetons, Yankton, and Santee 
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(in particular the Sisseton and Wahpekute bands representing 
this latter Eastern division). The Wahpekute and Sisseton 
were known to hunt only on the margins of this territory, 
however. 
By this time French traders from St. Louis had 
established a trading post on the Missouri near the Great 
Bend. The Tetons soon developed a seasonal cycle that came 
to include an eastward trek to the Missouri for trading. 
There are reports that indicate that Teton Oglala bands were 
regularly wintering on the eastern edge of the Black Hills 
at this time. In spring these bands would hunt along the 
Bad River, reaching the Missouri to join with other Teton 
bands (notably the Brule, Sans Arc, Hunkpapa, Two Kettles 
and Blackfeet bands) and settle in large camps to conduct 
the Sun Dance and make war on the Arikaras and Mandans 
(Hagen and Schaw, 1960; Hyde, 1967). They were also known 
to attack traders going north to trade with these enemy 
tribes. It is also apparent that by this time the Teton 
Sioux were gradually encroaching upon the traditional 
hunting territories of several Plains Indian tribes: the 
Ponca (to the immediate south), the Arapaho (further south), 
and the Crow (to the west) (Hurt, 1974). 
By 1817 American fur traders had penetrated to the area 
occupied by the Sioux, and went on to establish several 
trading posts along the Missouri. From this time on, 
competition betweeQ these various commercial interests 
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became fairly intense. As inducement to trade , liquor was 
made available to the Sioux in quantity for the first time. 
The first two decades of American occupation of the Central 
and Northern Plains (1805-1825) also brought an increasing 
number of European and American explorers into the area , as 
well as the first major American military expeditions (by 
Pike and Leavenworth among others). During this time period 
the Sioux mainly traded with the British and French. This 
caused problems for the Americans, who had recently acquired 
the territory as part of the Louisiana Purchase (1803) and 
desired to explore the region and exploit its natural 
resources. It was within this context of trade wars between 
various factions that the Teton and Yankton Sioux entered 
into a military alliance with the American army (represented 
by a force led by Colonel Henry Leavenworth), to punish the 
Arikara for attacking and killing several members of a party 
of trappers in 1823. Although this campaign was not 
successful, the Teton Sioux would eventually succeed in 
defeating the Arikaras, who were forced to retreat to the 
Upper Missouri sometime after 1825. Also during this time 
period the Teton were coming into the Black Hills in force , 
pressuring the Kiowa, Arapaho, Cheyenne, Crow, and Apache 
tribes southward and westward. By about 1825 on, these 
older hunting tribes were being rapidly displaced by the 
Teton west of the Missouri (Hagen and Schaw , 1960 ; Hurt, 
1974; Hyde , 1967). 
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In 1825 the first treaties of peace and friendship were 
made with the Plains Sioux and neighboring Plains tribes, 
and the Eastern Sioux and their Algonquin neighbors. On 
making these treaties with the Indians, the U.S. Government 
hoped to quell the increasing level of hostilities in both 
regions, which by now were growing in economic and political 
importance. Unlike most of the Plains Sioux, the Santee 
Sioux (as well as those Yankton remaining in Minnesota and 
northwest Iowa) were facing severe pressures from the 
Algonquin tribes (in particular the Chippewa, Sauk, and 
Fox), during most of the 1820s. These Sioux were themselves 
being displaced south and westward as a result of  conflicts 
along a broad front with these neighboring tribes over 
resource areas (Hagen and Schaw, 1960; Hickerson, 1974; 
Hyde, 1967). Despite numerous peace councils between the 
Chippewa and the Sioux, these conflicts would continue off 
and on for at least a decade after 1825. 
It was also during this time that the first United 
States Indian agents were sent among the Sioux (1819). 
These men were mainly responsible for regulating the fur 
trade with the Indians (i. e. to issue and recall the 
licenses of traders), maintaining the peace with recent 
settlers on the frontier, administering the payment of 
annuity (treaty) goods for lands ceded by the Indians, and 
keeping records on the situation and conditions of the 
Indians and the surrounding territory (Prucha, 1984). These 
2 4  
agents lived within the Indian territory , and it is from 
these reports that a great deal of ethnographic detail about 
American Indians has come to light. Indian agents were 
first sent to the Santee Sioux in Minnesota , and later to 
the Dakota territory. 
The period of 1825-1845 saw a marked increase in 
trading posts , as well as an influx of travelers to the 
Central and Northern Plains. Additionally , it is obvious 
that the buffalo were continuing to gradually retreat from 
their former ranges east of Missouri (Hickerson , 1974; Hurt , 
1974; Hyde , 1967). This period also coincided with the 
heyday of the fur trade on the Upper Missouri. This trade 
concentrated on buffalo pelts and was certainly a major 
contributing factor to the disappearance and near extinction 
of these animals. The Sioux gradually became more enmeshed 
in this trading economy to the point of dependency by the 
end of this period. Previously largely self-sufficient , the 
Sioux came to rely heavily upon the manufactured goods they 
received in exchange for the pelts they could supply. This 
development is seen as an important indication of the 
economic and political decline of the Sioux. While it would 
eventually require the direct application of military force 
(e.g. wars with the U.S. 1861-1876) , the seeds for the 
dissolution of the Sioux as an autonomous culture were 
already sown (Hagen and Schaw , 1960; Schell , 1975). 
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Increasingly, immigrants traveling west to California 
or Oregon passed through Teton Sioux Territory by way of the 
Platte River . Besides presenting new opportunities for 
conflicts and disputes of all kinds, this new influx of 
Euro-Americans represented a significant new disease vector 
for the Sioux (Hurt, 1974; Hyde, 1967; Taylor, 1977). 
During this time period the Western Sioux were still 
actively expanding their territory in all directions to 
encompass much of the former territory of the Crows; 
the area of the Black Hills of South Dakota and 
the Little Missouri and • • •  the section of the 
North Platte eastward from a line extending from 
Red Buttes beyond the Laramie Fork to the Little 
Missouri (Hurt, 1974: 222). 
They regularly made raids to the mouth of the Yellowstone 
R�ver (North Dakota) to assail the Assiniboine, and drove 
the Pawnees from their territory on the North Platte River 
(Nebraska). The 1830s are generally considered to be the 
zenith of Teton Sioux political, economic, and military 
power and influence. The Teton dominated the Plains from 
just below the Knife River (North Dakota) to the Niobrara 
(Nebraska); never again would the game be as plentiful, 
their lands as free from White settlers, their horse 
stealing or war forays go unpunished by the government, or 
their dominance of the Northern and Central Plains go 
unquestioned (Hagen and Schaw, 1960; Hyde, 1967). 
The situation for the Missouri River Sioux (Yankton) 
and the Santee was already becoming fairly desperate in some 
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instances, due to the lack of game and the gradual 
disappearance of the buffalo herds east of the Missouri 
during the 1830s. Although most Sioux seem to have 
regularly undergone a feast and famine regime (Nurge, 1970; 
Seerley, 1965) , both winter counts2 and ethnographic reports 
mention an increasing frequency of starvation and famine 
among these groups beginning in the mid-late 1830s. By the 
end of 1845 there are consistent reports of starvation 
facing thousands of Sioux on the Missouri River (some 
Sisseton included in this number) (Hickerson, 1974; Hyde, 
1967; Woolworth and Champe, 1974) .  This increasing scarcity 
of game would come to force the Yankton to range west of the 
Missouri in search of food, and to attempt to slowly revive 
past horticultural practices from about the mid 1830s on. 
The extent of this phenomenon is also indicated by the fact 
that the Yankton were expanding their territory at this 
time, helping to force the Pawnees from the Platte River in 
order to secure access to larger hunting lands. In general, 
this scarcity was first seen in the eastern portions of the 
Sioux territory and gradually spread westward. By the mid­
late 1840s buffalo became scarce west of the Missouri, 
2 A type of tribal history, kept by the Sioux 
themselves , to record the most significant event occurring 
during the previous year. Originally these were recorded 
just as pictographs painted on tanned hides. As the Sioux 
gained an orthography of their language (by the mid 1850s) ,  
brief descriptions were written beneath the pictographs. 
This was also done retrospectively, as the historians were 
required to memorize the explanatory phrase indicating the 
significance of the pictograph (Howard, 1976) . 
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forcing the Teton further afield to reach sizable herds 
(Hyde, 1967 : Woolworth and Champe, 1974) . 
To the east the Santee were faced with a new influx of 
settlers to the Minnesota territory : this only further 
exacerbated the disappearance of game in this territory and 
would reignite intertribal conflicts over the rights to 
hunting grounds (Hickerson, 1974). In a pattern that would 
become quite familiar to the Sioux in later years, the 
pressure from these settlers forced the acceptance of the 
first major land cessions by the Sioux. In 1837 the 
Mdewakanton Sioux signed a treaty ceding all possessions 
east of the Mississippi for specified annuities for twenty 
years : these included a provision that these funds be spent 
to purchase medicines, agricultural implements, and for the 
support of a physician, government farmers, and blacksmiths 
(Bowler, 1944). 
The period of 1845-187 6 was characterized by an intense 
period of Indian-White hostilities throughout the entire 
Sioux territory. The causes behind this period's heightened 
tension are fairly unambiguous: immigrants started to reach 
Indian Territory in great numbers, buffalo and other game 
became scarce, the break-up of Indian lands forming new 
territories or states, and most certainly the fact that the 
military was called on to occupy the Sioux territory to 
protect White interests (Hurt, 1974 : Schell, 1975). 
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This latter feature was an important ingredient that 
kept a deadly cycle of costly murderous blunders and equally 
devastating reprisals between the Sioux and Whites 
maintained. The Army ' s  presence tended to aggravate many a 
small dispute into major confrontations with the government, 
something that was not easily controlled and would 
inevitably lead to a new cycle of hostilities as the Army 
failed to discern "hostile" from "friendly" Indians; or 
conversely, the Sioux tried fruitlessly to run off more 
settlers or surveyors from what they considered to be their 
territory. This is the era of Sioux history that is more 
familiar to most people (if only in fairly cursory detail). 
This period is often presented as the climax of Sioux 
culture and power. However, most popular accounts fail to 
note that while direct military conquest or force certainly 
played an important part in the "subjugation" of the Sioux, 
the more important role was that of the loss of the buffalo, 
the basis of their economy. As noted above, in this light 
the Sioux were in decline long before the brunt of 
governmental military force was ever applied. The dealings 
with Whites within the context of the new economy of barter 
and trading for buffalo hides certainly helped cause the 
dramatic reduction in buffalo during this period. This was 
probably more responsible for the decline of the Sioux than 
any of the more obvious (and costly) military campaigns that 
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are a central part of the popular lore of this period (Hagen 
and Schaw, 1960; Hyde, 1967; Schell, 1975). 
The beginning of this strife-filled period for the 
Teton Sioux probably can be traced directly to the swelling 
number of migrants that appeared along the Platte River 
Valley traveling towards the California gold fields (from 
1849 on). The Teton blamed these travelers for driving the 
buffalo away from the North Platte, forcing them to hunt 
beyond the Black Hills. The migrants loudly complained of 
Sioux depredations, primarily the theft of livestock and 
horses. Already by 1845, the first company of U. S. dragoons 
was sent against the Indians in a show of force. In 1849, 
Fort Laramie was purchased by the government in order to 
better protect these migrants traveling along the Oregon 
Trail. 
The first settlers came to present day Nebraska and 
South Dakota during the 1850s. The Nebraska Territory was 
formally created in 1855, and at this time settlements 
started springing up on the Iowa side of the Missouri (Hurt, 
1974). After a brief military campaign, General Harney 
negotiated with the Teton in 1856 to have the right of free 
travel over the Oregon Trail recognized. Although this 
treaty was never ratified by the Senate, it was considered 
that the Teton had consented to immigrant traffic through 
their territory along the Platte, and over a trail following 
the White River from Fort Laramie to Fort Pierre (Hurt, 
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1974; Schell, 1975) . It is conjectured that Harney's defeat 
of the Brule in 1855 generally suppressed the Teton until 
the panic from the Minnesota Santee outbreak of 1862 spread 
across the Plains, eventually involving many Plains Sioux in 
the hostilities . By the end of the 1850s several forts had 
been established by the government, Fort Laramie (Wyoming) 
on the Upper Platte being principal among these, with 
several others also scattered throughout Sioux territory . 
From 1852 to 1860 the Plains Sioux consequently experienced 
firsthand the effectiveness of the military in responding 
with punitive measures to outbreaks of lawlessness or 
violence by the Sioux . 
The Santee Sioux of Minnesota were the first Sioux to 
be forced on a permanent reserve, this by treaties ratified 
in 1851 . Minnesota was declared a territory in 1849, and 
the Santee had faced increasing pressures from settlers, 
miners, and lumbermen who were already encroaching upon 
their lands. In these treaties the Santee ceded all their 
lands in the territory of Minnesota and Iowa east of the Red 
and Big Sioux Rivers ( Bowler, 1944). Although the Santee 
were promised specified annuities, most of these monies were 
never received. In general, the condition of these Sioux 
during most of the first decade of reservation life is 
reported to have been quite poor (Bowler, 1944; Textor, 
1896) . By 1860 some progress was noted in advancing 
government-sponsored agriculture on this reserve, but 
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seemingly the policy of acculturation, by which instruction 
in agriculture was supposed to turn these Indians into self­
sufficient sedentary subsistence farmers, was largely a 
failure. This was to become a common approach to 
"civilizing" the Sioux; it would enjoy a modicum of success 
only at those few reservations situated on suitable lands 
(Hoover, 1983; Textor, 1896). 
By 1850 the Yanktons, having realized that game was 
quickly disappearing from their territory, were variously 
trespassing on Brule hunting lands to the west, and starting 
to make serious attempts at farming on several eastern river 
basins. Hunger and starvation among these Missouri River 
bands is mentioned in the ethnographic literature for the 
years 1848 and 1849 (Woo lworth and Champe, 1974). The fur 
trade also having all but been extinguished, the Yanktons 
were now more dependent upon the annuities from land 
cessions they made in 1830 and 1837. 
By 1850 it was also noted that the Yanktonai sub-bands 
generally enjoyed better hunting opportunities in their 
territory than did the Yankton sub-bands proper. (It should 
be remembered that these latter bands ranged lower down on 
the Missouri and James Rivers in present day South Dakota.) 
As a result of this , the Yanktonai bands generally traveled 
with and came to be associated with the northern Teton sub­
bands ranging west of the Missouri. The Yankton sub-bands 
were soon forced into negotiations with the government as 
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game became more scarce and the advancing line of White 
settlements approached their territory from the south and 
east. In accounts of the day, the Yanktonai would soon come 
to be associated with the hostile Teton bands that would not 
be entirely subdued and placed on reservations for more than 
two decades (Schell, 1975; Woolworth and Champe, 1974). 
As Minnesota became a state in 1857, there was a clamor 
for land for prospective townsites along the eastern 
boundaries of Yankton territory. Under this pressure, and 
facing periodic bouts of disease and a general scarcity of 
all types of game, the Yankton sub-bands agreed to cede 
their territories east of the Missouri River and withdraw to 
a reservation. By a treaty signed in 1858 this reservation 
was created along the east bank of the Missouri River within 
the present confines of Charles Mix County, South Dakota. 
Soon after this site was occupied in 1859 a census of these 
Lower Yankton bands showed a population of just over 2, 000 
individuals (Schell, 1975; Woolworth and Champe, 1974). A 
small amount of annuities were included in this treaty along 
with hunting rights; however--and importantly--no specified 
rations were written into this treaty. Attempts at making a 
treaty with the Upper Yankton sub-bands (the Yanktonai) at 
this time were largely fruitless. 
The central event that would in some sense come to 
predetermine the fate of all the Sioux on the Plains was the 
Minnesota Sioux uprising or the Santee outbreak of 1862. 
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Most sources agree that treaty non-compliance by the 
government over promises made to the Santee led to the 
outbreak of hostilities. For several years annuity payments 
were late or not paid at all; many Santee were destitute and 
hungry, and hundreds of Indians are said to have died of 
starvation (Bowler, 1944). The hostilities, mostly 
involving the Santee sub-bands proper, soon came to 
encompass most of southern Minnesota, only ending when. the 
Minnesota militia chased large parties of Santee across the 
Big Sioux River and into the Dakota Territory. 3 As the 
Santee fled towards the Missouri, they communicated these 
hostilities across the Northern Plains, inciting widespread 
panic among the White settlers. The Yanktonais in 
particular were almost immediately drawn into the conflict. 
Federal troops were sent to the Dakota Territory to protect 
settlers and to operate against the fugitive Santees in the 
Upper Missouri Valley during 1863-1864 (Schell, 1975). With 
the presence of these additional troops occupying the Dakota 
Territory and Sioux lands, a new cycle of raids and 
reprisals began once again. These grew in intensity over 
the next fourteen years, and this period of severe 
hostilities is commonly referred to as the Indian Wars on 
the Great Plains (Hyde, 1967). 
3 The Dakota Territory was formally organized in 1861. 
Although definitive numbers are hard to come by, Bowler 
(1944) estimates that possibly 1000  whites and an unknown 
but much lower number of Indians were killed during the 
outbreak. 
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The Santees remaining in Minnesota (including those who 
had stayed neutral or who had supported the government 
throughout the hostilities) were subsequently quickly 
removed from their reserves within the state to the Dakota 
Territory. Most of these Santee, about 1,300 in number, 
were transported to the Crow Creek Reservation in 1863. 
There are numerous reports that mention starvation and 
hunger among these Sioux while at Crow Creek (Hyde, 1967; 
Nurge, 1970; Prucha, 1984). These Indians were later moved 
to the Niobrara Reservation in northern Nebraska in 1866. 
Here they were gradually reunited with most of their kinsmen 
who had fled from the Army, or who had been captured during 
the uprising and subsequently released. However, there is a 
strong indication that at least a few Santee remained 
hostile up until the time the remaining Plains Sioux were 
forced to surrender to the Army in 1876. As all prior 
treaties with the Santee bands were annulled as a result of 
the uprising, these Eastern division bands were allowed to 
become party to the treaty of 1868, which was made mainly 
with the Teton bands of the Plains Sioux (Bowler, 194 4;  
Hyde, 1967; Schell, 1975; Textor, 1896). 
The Sisseton and Wahpeton sub-bands of the Santee had 
not been directly involved in these hostilities, and yet 
many of these bands had fled with the approach of the 
advancing troops. In 1867, a separate treaty was made with 
these groups of Eastern Sioux, providing them with two 
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reservations : Fort Totten or Devil ' s  Lake in present day 
North Dakota, and the Lake �raverse or Sisseton Reservation 
in North and South Dakota . Some Cuthead or Upper Yanktonai 
were also included in with the Sisseton at Devil's Lake . 
Importantly, all of the Santee groups mentioned above 
started receiving allotments of land in severalty (generally 
80-160 acres) soon after 1868, two decades before a similar 
agreement would be reached for the Teton Sioux (1888) . It 
should also be noted that no explicit amount of rations was 
specified in the treaties made with the Santee, and in 
general the annuities they received (much like the Yanktons 
that preceded them) were much less than would be offered the 
Teton groups when they came to parley for peace with the 
agents of the government (Bowler, 1944; Textor, 1896) . 
By the mid 1860s, the Teton Sioux, along with seemingly 
most of the Yanktonai bands, were ranging far beyond the 
Black Hills proper in search of sufficient game and buffalo . 
Having successfully driven the Crow from the Powder River 
and Big Horn countries (bounded on the south by the North 
Platte River [ Wyoming ] and extending north to the mouths of 
the Big Horn, Tounge, and Powder Rivers at the Yellowstone 
River [Montana ] ), these hostile Sioux could handily elude 
most of the troops that were sent against them by simply 
withdrawing to this mountainous region . From these mountain 
sanctuaries, the Sioux continued to raid immigrant wagon 
trains, road survey teams, and the line of forts established 
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to protect the Bozeman Trail. This was the type of war the 
Sioux excelled at; they soon acquired many of the mules and 
horses that were formerly picketed at these government 
forts, and would occasionally trade robes and pelts for shot 
and powder from the very same forts they may have raided 
earlier in the season {Hyde, 1967). It was from this 
relative position of strength that these Sioux finally 
agreed to make a peace treaty with the U. S. Government, 
after several peace commissions had been sent to them. This 
treaty, the Fort Laramie Treaty of 1868, was a product of 
the Grant Peace Policy of the time, and was successful in 
abating general hostilities for several years. 
The Fort Laramie Treaty created the Great Sioux 
Reservation {Figure 3), which encompassed essentially all of 
the area covered by the present state of South Dakota west 
of the Missouri River. This area was set aside for the 
exclusive use of the Sioux, who were to receive certain 
annuities and rations for a period of four years, in return 
for land cessions and the right of the Union Pacific 
Railroad to cross their territory. Additionally, the 
Bozeman Road was closed, and with troops withdrawn and forts 
abandoned, the Powder and Big Horn River country {Wyoming­
Montana) was recognized as unceded Sioux hunting lands, as 
were the Black Hills. With this treaty the reservation 
period began for about 1/2 to 1/3 of the Teton and other 
hostile bands that had continued to rove the Plains. A much 
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REDUCTION OF THE GREAT SIOUX RESERVATION 
1868 to 1890 
TREATY OF 1868 
AGREEMENT OF 1876 
ACT Of 1889 
Figure 3. Map of Great Sioux Reservation. 
From : Utley , R .  M .  (1963). The Last Days of The Sioux 
Nation. New Haven : Yale University Press , p. 4 3. 
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larger group of Teton and Yanktonai bands never signed this 
treaty, and continued to roam in the Powder River country 
(Bowler, 1944; Hyde, 1967; Schell, 1975). Under this 
treaty, agency sites were chosen for the several bands 
party to the treaty, the locations of which would not be 
finalized for several years (in some cases as late as 1878-
1888). 
The next outbreak of widespread hostilities between 
Whites and Sioux Indians occurred as a direct result of the 
breach of the Fort Laramie Treaty. In 1874 General George 
A. Custer led a 1, 200-men expedition force into the Black 
Hills with the specific (if not explicit) intention to 
survey the mineral and natural resources of the region. 
Such actions were specifically prohibited by the Treaty of 
1868; worse, it led to Sioux lands being inundated by hordes 
of White settlers once gold was announced to be present in 
these hills. The government's promise to exclude all Whites 
from Sioux lands could eventually not be kept, and once 
again negotiations with the Sioux were initiated to attempt 
to buy the Black Hills outright. This was largely a moot 
point, as the entire area soon flooded with prospectors. 
The Sioux at the agencies refused to cede the Black Hills 
and the Wyoming Powder River country as requested by the 
government, realizing that the remaining hostile or non­
treaty Sioux occupying the region needed to at least be 
consulted, and in any case would not agree to such a 
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cession . Soon after negotiations were broken off, the Army 
withdrew .from the Black Hills, tacitly allowing White 
trespass on recognized unceded Sioux lands; thus, 
technically abrogating the Laramie Treaty of 1868--and 
taking the necessary steps that led to the last and most 
memorable Sioux War (Hyde, 1867; Olson, 1965; Schell, 1975) . 
Up until this time (1875-1876) the government's peace 
policy had been a modest success at the various Teton 
agencies . This was achieved in no small measure by a 
liberal feeding policy, intended to keep the Sioux well­
disposed and within the reservation boundaries. Thus, the 
scarcity of game in all but the remotest hunting lands was 
an asset to the government's policy of keeping the Sioux 
content in an area where their agent could keep a watchful 
eye over them (Hyde, 1967; Textor, 1896 ) . Indeed, the 
relative success of this policy can be seen in the fact that 
only a few of the hostile Sioux that would regularly raid 
immigrants or who fought the Army in 1876 were drawn from 
the permanent residents of these agencies. Most of the 
Sioux that were involved in subsequent hostilities were 
drawn from the non-treaty Sioux, and even a number of these 
"wild" Indians would regularly winter at the agencies due to 
this liberal treatment (Hyde, 1967) . 
With an ever increasing population of White settlers 
encroaching upon their hunting lands, the Sioux were making 
desperate attempts to drive these immigrants from their 
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territory all during the early 1870s. During this time 
several military expeditions were sent into the Powder River 
country (1872 and 1873) and yet failed to subdue the mainly 
non-treaty Sioux. Open hostilities began once again when a 
renewed concerted effort was made by the government to force 
these non-treaty Sioux from their strongholds in the Big 
Horn and Powder River country in Montana and Wyoming. It 
was highly unfortunate that the Army decided to wait until 
summer to march against the Sioux. This was a time when 
several bands usually concentrated in one or two main camps, 
and their number would be augmented by some agency bands 
joining up with these Sioux to hunt or conduct the Sun 
Dance. The main camp that General Custer stumbled upon . on 
June 25, 1876 probably contained 2,000 to 3,000 warriors, 
and was also probably the largest concentration of Indians 
ever faced by the Army (Schell, 1975). With results that 
are still familiar to most Americans (and are still utilized 
by stand-up comics to this day), the Sioux quickly withdrew 
from this engagement, breaking up into smaller bands, and 
resuming their normal seasonal rounds (Hyde, 1967). The 
rest of the nation was informed of the Custer disaster on 
the day after Independence Day (the centenary celebration), 
July 5, 1876, as the survivors (from Major Reno's command) 
reached Bismark. As the Army regrouped from this and an 
earlier (June 17th) defeat, they attempted to redeem 
themselves by chasing after the more elusive small bands of 
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Sioux who were by now attempting to peaceably return to 
winter at the various agencies. The Sioux had no desire to 
continue to fight the Army, and incredibly believed that 
they could simply return to the agencies after a "normal" 
summer of hunting and fighting--a cycle they had long become 
familiar with, either with the Crow Indian tribe or the U. S. 
Army of late. The troops from the Army succeeded in 
overtaking one or two scattered bands of Sioux before they 
reached the agencies, scattering these Sioux handily without 
much effort. Upon arriving at the various agencies the Army 
immediately assumed control, and disarmed and dismounted 
those Sioux at the Cheyenne River, Standing Rock and Red 
Cloud (Pine Ridge) Agencies. It was some months later that 
Spotted Tail, a leading Brule chief, convinced most of the 
remaining hostiles to come into the agencies and surrender. 
By May 1877, about 4,500 did so, surrendering at the Red 
Cloud (Pine Ridge) and Spotted Tail (Rosebud) Agencies. A 
smaller band of hostiles under Sitting Bull retreated to the 
Canadian border and would not come in to surrender until 
1881. Soon after the Custer tragedy the military occupied 
al l the large Sioux agencies (including those mentioned 
above as we ll  as Spotted Tail), marking an effective end to 
the Teton Sioux as an autonomous independent people (Hyde, 
1967; Schell, 1975). 
The Teton were soon forced to relinquish any claim to 
the Black Hills as well as the hunting rights to their 
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territory in Montana and Wyoming. Instead of the usual 
annuities accruing from such a cession, the Sioux were 
promised certain specified rations until they were able to 
support themselves. This provision within the 1876 Treaty 
was unique to the Sioux signing this treaty (all the Teton 
sub-bands as well as most Yanktonai) ;  seemingly no other 
Indian treaty provided this specific assurance of rations 
for such an indefinite period of time (C. I. A. , 1900) . As 
late as 1906 a majority of Teton Sioux on some reservations 
were still receiving government rations . 4 
These rations are specified for each individual as 
follows: "l 1/2 pounds (lbs . ) of beef (or 1/2 lb . of bacon 
in lieu of) , 1/2 lb. corn, 1/2 lb . flour; and for every 100 
rations--4 lbs . of coffee, 8 lbs. sugar, 3 lbs . of beans" 
(C . I. A. , 1900: 6-7) . As late as 1900, the Commissioner of 
Indian Affairs figured the value of a full ration at $50. 00 
per capita per annum,5 showing that for the year 1900 most 
Teton Sioux received the equivalent of a 70% ration. Of the 
principal items on this list, beef and flour, the target 
provision of these items should " ·  give over 1 pound of 
net beef and over 5 3/4 ounces of flour to every man, woman 
and child on the reservations (outside of school children) 
4 Here I speak of the Oglala Sioux at the Pine Ridge 
Reservation and the Brule Sioux at the Rosebud Reservation. 
(Commissioner of Indian Affairs [ C. I. A. ] Report, 1906) . 
5 It does not appear that this figure is indexed to any 
year (viz . ,  1876 or 1880) . 
43 
every day in the year" (C.I.A., 1900: 7), this for the year 
1900. School children were similarly provided for, the 
composition of the rations differing somewhat, the quantity 
remaining essentially the same, however. We shall return to 
a more detailed discussion of the importance of these 
rations in a later section of this chapter. 
The Early Reservation Period: (1876-1900) 
The early reservation period for the Sioux was a period 
of radical adjustments. With their loss of economic 
independence came a total dependence upon the government for 
subsistence. A great and complicated administrative 
structure soon evolved at the Indian Office (Schmekebier, 
1927), mainly as a result of the effort needed to distribute 
and contract for vast amounts of annuity goods and other 
items to feed and clothe the Indians, who were now 
recognized as wards of the government. The government ' s  
policy was to initially foster this dependence in order to 
better control the Indians on the reservations. The "feed 
them or fight them" peace policy soon gave way to the unduly 
optimistic expectation that the Sioux (as well as other 
Indians) would quickly make the transition from their 
traditional life-way to full acculturation; from nomadic 
buffalo hunters to sedentary small farmers in but a few 
years. The government was inclined to supply plows, seed, 
oxen teams, and other benefits to willing Indians; yet after 
4 4  
many decades it became quite apparent that most of the Sioux 
had not become self-supporting, self-reliant farmers. For a 
few years many Teton achieved an appreciable success at 
cattle raising, building from the mid 1880s and reaching a 
climax at about 1905-1910 (Gerlach, 1970; Hoover, 1983; 
Prucha, 1984; Schel l, 1975). Indeed, some researchers have 
regarded this period of involvement in a grazing economy as 
representing a period of relative prosperity for the Teton 
that has not been seen since (Macgregor, 1946). 
The government's assimilation policy had as its 
specific ends the destruction of various component elements 
of Sioux culture in order to "civilize" these Indians. The 
authority of tribal chiefs or head men was consistently 
undermined , most religious ceremonies were vigorously 
suppressed (e. g. the Sun Dance), children were occasional ly 
kidnapped and sent to far off boarding schools, communa l 
lands were broken up, and extended kin groups weakened in 
favor of nuclear families, a l l  in the name of progress 
( C. I. A. ,  1880-1900; Hagen and Schaw, 1960; Hyde, 1956, 1967; 
Prucha, 1984). Conformity to regulations and reservation 
policies was regularly sanctioned with the threat and 
actua l withdrawal of vital government rations. Status roles 
consequently shifted and were undermined as men no longer 
could fulfill  the role of warrior and hunter ( Seerley, 1965; 
Utley, 1963) . Within the confined reservation boundaries, 
food practices were forced to change radica l ly; the hunt was 
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replaced with the issue, unfamiliar foods were introduced 
(flour, mess pork, green coffee beans), and the availability_ 
of gathered foods decreased. In general, the traditional 
knowledge and belief system of the Sioux was of little use 
in adapting to reservation life, and almost always 
conflicted with the Western assumptions and attitudes held 
by the White Indian agents governing the reservations (Hagen 
and Schaw, 1960; Seerley, 1965). 
The broad outline supplied above conforms to the shared 
experiences of most of the Sioux on the reservations, 
especially the six agencies assigned to the Teton and 
Yanktonai6 in the Dakota territory after 187 6: the Standing 
Rock Agency (N.D.) for the Yanktonai, Hunkpapa, and 
Blackfeet Sioux; Crow Creek (S.D.) for the Lower Yanktonai 
Sioux; Cheyenne River (S.D.) for the Blackfeet, Sans Arcs, 
Miniconjou, and Two Kettle Sioux; Lower Brule (S.D.) for the 
Lower Brule Sioux; Pine Ridge (S.D.) for the Oglala Sioux; 
and the Rosebud Agency (S.D.) mainly for the Brule Sioux 
(but with some Two Kettle, Wajiaziah, and Loafer bands also 
represented). These agencies would become separate 
reservations with the Allotment Act of 1889. 
6 This summary does not include those Yanktonai Sioux 
that had surrendered at Fort Peck, Montana, as these do not 
appear to be included within Boas ' sample. The population 
of these Yanktonai were estimated at about 4, 700 in 1880 
(C.I.A., 1880; Textor, 1896) and about 1, 200 in 1900 
(C.I.A., 1900). It should also be noted that for several · 
years up until the mid-1890s, several bands of Northern 
Cheyenne stayed with the Oglalas at Pine Ridge ; their number 
usually did not exceed 500, though. 
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By 1880 a clear dichotomy could be seen between the 
relative development of the Sioux reservations east of the 
Missouri River (the Santee, Sisseton, Devil's Lake and 
Yankton) and those agencies west of the Missouri, 
represented within the Great Sioux Reservation on the Plains 
of South Dakota. As reported within the Commissioner of 
Indian Affairs (C.I.A . ) Report for this year; 65% of the 
Santee, 75% of the Sisseton, 75% of the Sioux at Devil's 
Lake, and about 65% of the Yankton Sioux were described as 
self-supporting (mainly by agriculture and some ranching). 
None of the Sioux west of the Missouri would reach this 
level of officially recognized self-sufficiency before the 
turn of the century. By the mid-late 1880s the Sioux at the 
Devil's Lake, Sisseton, and Santee reservations were 
considered to be sufficiently "advanced" to a point where 
the government withdrew most rations, except for the elderly 
and infirm. These rations had been continued despite the 
fact that they generally were not stipulated by treaty, a 
not uncommon occurrence for the period. The Yankton for 
example, continued to receive partial rations (generally 
1/2-1/3 of the full Teton ration) up until 1900. 
The reasons for this disparity are not difficult to 
grasp: those Sioux settled east of the Missouri and not 
subject to the Treaty of 1876 had more experience with the 
reservation culture, occupied better quality farmland (good 
prairie soil, more favorable climate), and had a more 
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salient history and tradition of horticulture (Santee and 
Yankton) than did their counterparts west of the Missouri 
(Textor, 1896). However, this was a gradual process to be 
sure; for example, the Santee were wholly dependent upon the 
government from the time they came to their Nebraska 
reservation (1866) until about 1873, and were in quite a 
wretched state during the early years on their reserve 
(C.I.A., 1873; Textor, 1896). In general, the much more 
numerous Plains Sioux, west of the Missouri and beyond the 
100th meridian, could not avail themselves of this 
opportunity as they were much more affected by the vagaries 
of climate (frequent drought, low annual rain fall, frequent 
hail storms); insect infestation; and poor, tough, fibrous 
soil (Schell, 1975; Textor, 1896; Wedel, 1986). The Plains 
Sioux who did succeed in achieving similar levels of self­
sufficiency did so with ranching as the principle mode of 
support. Here the most notable reservation band were the 
Oglala Sioux at Pine Ridge, who in 1901 were running 31,000 
head of cattle for a population of about 6,600 people 
( C . I . A . ,  19 01) . The Cheyenne River Reservation and the 
Rosebud Reservation were running similar sized herds at the 
time, but only the Oglala were now judged to be 75% self­
supporting (50% of the Sioux at these other reservations 
were cited as being dependent on government rations for 
subsistence). It should be mentioned that despite this 
initial measure of success for some groups of Sioux, events 
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and circumstances would later manage to reverse these modest 
gains in self-support (Hagen and Schaw, 1960; Hoover, 1983; 
Maynard and Twiss, 1969; U. S. Public Health Service, 1959) . 
In 1880 the population of Sioux on the various 
reservations and agencies were (for the Sioux east of the 
Missouri and not party to the Treaty of 1876) : Devil's 
Lake, 1,089; Sisseton, 1,500; Santee, 1,271; Yankton, 2,019. 
For the Sioux residing generally west of the Missouri within 
the confines of the Great Sioux Reservation (S. D. ) ,  the 
populations were: Cheyenne River, 1,764; Crow Creek, 969; 
Lower Brule, 1,300; Pine Ridge, 7,200; Rosebud, 7,314; and 
Standing Rock, 2,611 (C. I. A. , 1880) . The extent and 
location of the various Sioux reservations at this time are 
indicated in Figure 4. 
By the early to mid-1880s pressure from White settlers 
was growing once again, giving a major impetus behind the 
next major land agreement between the Sioux on the Great 
Sioux Reservation and the government. This agreement would 
also coincide well with the objectives of the Indian Office 
at the time. Ever confident in its vision for the Sioux to 
become enlightened, frugal, citizen farmers, the Indian 
Office had decided to break up Indian lands into individual 
allotments in order to advance self-sufficiency. By the 
late 1880s it was also stated that the ration system was 
"pauperizing'' the Indians and that Indians were being 
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disincentive to wo rk (C . I .A . , 1885-1888). After negotiations 
over several years, the Sioux of the Great Sioux Reservation 
agreed in 1888 to receive land in severalty in allotments of 
320 acres (for families) and 160 acres (for individuals), 
plus certain benefits : two cows, one pair of oxen; farming 
tools, including one plow, one hoe, one harrow, one wagon, 
one axe, and one pitch fork : and $50.00 to be held in trust. 
This became known as the Allotment Act of 1889, and its 
immediate effect was to throw open 9 million acres of land, 
formerly held within the Great Sioux Reservation, to White 
settlement. This Act reduced the amount of Sioux lands by 
about half, and yet it would be several years before many of 
the Sioux at the newly created separate reservations would 
apply for their patents on individual parcels. This Act 
preceded the creation of the states of North and South 
Dakota (1889) and allowed for the construction of railroads 
through this territory, as well as providing for farming and 
grazing lands for land-hungry White settlers. Amendments to 
this Act also allowed Whites to lease lands that Indians 
were "unable" to utilize, allowing for much exploitation of 
Indian and Sioux lands for decades after 1890. After a 
period of trust ended (after 1905), many Indians were 
cajoled into disposing of their individual allotments for 
ready cash. This further broke up the reservations, and did 
not increase the self-sufficiency of the Indians in the long 
run � signalling the failure of this policy, once considered 
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a panacea for solving the "Indian Question" (Gerlach, 1970; 
Johnston, 1948; Schell, 1975; Utley, 1963). Ironically, the 
loss of large tracts of Sioux corporate lands is also partly 
responsible for the dramatic decline in ranching after 1910. 
The mid-1880s also saw a gradual reduction in rations 
on the reservations as a more careful census of Sioux was 
taken at each agency or reservation. This feature has been 
mentioned by Hyde (1967, 1956), and Olson (1965), who notes 
that the rations were reduced in order to better reflect the 
number of Sioux actually at the various agencies, and that 
for years several groups had been drawing more than the 
stipulated treaty amounts. This surplus of rations (at 
least for the main issue of beef) also seems to be reflected 
in the official accounting of beef contracts let for the 
various agencies (C. I. A. , 1877, 1878, 1880, 1882). Only 
infrequently is the arrival of the beef �ssue noted in an 
agent's annual report, so these contract orders are the only 
consistent basis of comparison for a given span of years and 
between various agencies. Such comparisons become useful 
when there is a serious discrepancy for any one or two years 
between the description of contracts let and ethnographic 
accounts of severe deprivation and hunger. 
such a disparity is evident for the events leading up 
to the Wounded Knee disaster of 1890 at Pine Ridge. This 
tragedy was the culmination of the messianic Ghost Dance 
revitalization movement that swept through several western 
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Sioux reservations in the years 1889 and 1890 (Prucha, ' 1984; 
Utley, 1963). Growing out of the increasing sense of 
disaffection and despair the Sioux felt on the 
reservations, especially after the great land cession of 
1888 (the Allotment Act), the Sioux became influenced by a 
messiah who promoted a message that seemed to promise to 
restore the Sioux to their glory days of old. This new 
paradise foreseen for the Sioux (and other Indians) would be 
possible if the Indians remained at peace with the Whites, 
lived honest and industrious lives, and performed a holy 
ghost dance. The Sioux modified the original message of 
this messiah towards a more antagonistic stance towards 
Whites, who were held directly responsible for the misery of 
the Sioux tribe (Prucha, 1984). There is much ethnographic 
documentation to suggest that a confluence of several 
factors led to the ready acceptance of this messianic 
message among the Sioux, where unlike other reservations, 
the Ghost Dance and its adherents would not fade away. 
These factors are now frequently cited by researchers as 
contributing causes o f  the subsequent sudden outbreak of 
hostilities which led to the tragic deaths of more than 150 
Sioux men, women, and children and 25 White soldiers, 
marking the last major confrontation involving serious 
fatalities between the Sioux (Teton) and the government. 
These causes were realized by the government soon after the 
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• outbreak' (C . I . A . , 1891; Mooney, 1892-1893) and have not 
been significantly augmented over the years (Prucha, 1984). 
The most prominent among these posited causes has been 
the issue of semi-starvation and hunger on the Sioux 
reservations during the year 1889-1890. Hyde (1956) in 
particular has championed this cause in later years. 
Rations to the Sioux had been steadily declining since the 
census of 1886 and were reduced by about one third to one 
half for the fiscal year 1890. This reduction came at a 
most unfortunate time, as the Sioux Commission had not long 
departed the reservation after finally gaining the 
signatures needed for final approval of the land cession 
included within the Allotment Act of 1889. The Sioux had 
repeatedly asked for and received assurances that by signing 
the document proffered by the Commission, rations would not 
be reduced, and yet the reductions came two weeks after the 
government had left the Sioux (Hyde, 1956; Mooney, 1892-
1893; Utley, 1963). Although the Commission was seen as 
responsible for these reductions in the eyes of the Sioux, a 
new separate census of the Sioux was the real motivation 
behind these cutbacks � Complicating matters as well was the 
fact that the appropriations for fiscal year 1890 were 
delayed by several months (until mid-August), causing a 
rationing of the supplies on hand at the various agencies. 
Further exasperating this stressful situation were repeated 
crop failures in the years 1888, 1889, and 1890 (due mainly 
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to drought) ,  reducing the small but important Indian crop 
yield. These same years also saw the Sioux visited by 
several severe epidemics of influenza, measles, and whooping 
cough, which swept through the Pine Ridge and other 
reservations causing a great number of deaths. One source 
placed the estimated mortality rate for children at about 25 
to 45 deaths per month in a population of 5,600 Oglala Sioux 
at Pine Ridge during the winter of 1889-1890 (C. I. A. ,  1889; 
Mooney, 1892-1893). 
As Utley (1963) notes, the evidence that shortened 
rations were the principle cause behind the numerous reports 
of hunger and semi-starvation is far from conclusive. 
Official reports for 1890 state that the primary ration, the 
beef issue, was reduced by 1 million pounds at Pine Ridge 
and by 2 million pounds at the Rosebud Reservation (Mooney, 
1892-1893). These reports also put this issue (essentially 
delivered as cattle on the hoof), at 4 million pounds for 
the Oglala at Pine Ridge in 1890 (Mooney, 1892-1893: 833). 
This then is the genesis behind the Commissioner of Indian 
Affairs' {Thomas J. Morgan's) claim that these Sioux at Pine 
Ridge (where the hostilities were concentrated) should have 
received the normal ration of about 1 1/2 lbs. of beef per 
capita (in a population now calculated at 5,600) per day, 
for every day of the year (Utley, 1963: 57). Allowances for 
cattle weight shrinkage of 15% yields about 1. 6 lbs. of beef 
per capita per day; a 35% expectation of shrinkage 
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(seemingly not uncommon on the northern Plains) would yield 
about 1 . 3 lbs . of beef per capita, per day. Hyde ( 1956) 
claims it was not all that unusual that steers would lose 
50% of their weight by spring, having wintered on the open 
range. Hyde ( 1956: 237), citing Agent Gallagher at Pine 
Ridge, also states that in the spring of 1890 the monthly 
issue of beef was at 205, 000 lbs. , whereas a full treaty 
issue for the same period would have been 470, 400 lbs. This 
researcher further states that it is unclear if shrinkage 
was taken into account in this former figure (Hyde, 1956: 
237-238). Taking this actual ration outlay at face value 
and annualizing it over the entire year ( 1890), we arrive at 
a figure of 2, 460, 000 lbs . of beef, or 1 . 2  lbs. of beef per 
capita, per day. An additional allowance for a reduction of 
35% and 50% (shrinkage) would yiel� respectively, 284. 7 and 
2 19. 0 lbs. of beef per capita, per year as the beef ration 
the Oglala Sioux would have received for the entire year of 
1890. Assuming a worse case scenario that 50% of the entire 
beef issue was lost due to shrinkage, waste, or other 
losses, the figure of 219 lbs. of beef per year probably 
exceeds by at least 20% recent estimates calculated for the 
per capita annual meat consumption in the United States as a 
whole (Komlos, 1987: Table 9: 913) during roughly the same 
time period. Komlos ( 1987) gives a calculation for the 
total annual per capita meat consumption for the U. S. for 
the year 1879 as 161 lbs. per capita. Utley ( 1963) also 
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cites another estimate of beef rations for 1890, this for 
the Rosebud Reservation--10 ounces of beef per capita per 
day. A quick calculation will show that this works out to 
about 228 lbs. of beef per capita, per year, which still 
would seem to compare quite favorably with both the 
estimates provided by Komlos (1987) and Hyde's incorporation 
of Agent Gallagher's outlays for Pine Ridge during 1890.7 
Seemingly then, despite the prospect that full "treaty" 
rations may not have been available to many Sioux, it would 
appear that for at least the beef issue, an adequate amount 
was contracted for. (It should also be remembered that the 
Sioux also received rations of flour, bacon, coffee, sugar, 
corn, and other items--but the beef issue was the primary 
focus of attention, and hence easiest to track. ) Table 1 
provides a view of the standard items included in the 
subsistence ration to various Sioux (mainly Teton) agencies. 
The supplies listed were delivered during the calendar year 
of 1890 (C . I . A . , 1891). This said, one cannot ignore the 
fact that ostensibly a significant portion of these regular 
7 It should be noted that Komlos (1987) found that the 
trend in meat consumption was one of general decline during 
most of the 19th century in the U. S. The highest annual per 
capita consumption appears for the year 1839 (213 lbs. ). 
McMahon (1981) also provides an estimate of average meat 
allowances (roughly equivalent to consumption) for New 
England during 1808-1830 as being just above 200 lbs. per 
capita, per year (209. 7 lbs. ). Importantly, Komlos (1987) 
does not provide any estimate for meat consumption during 
the period 1880-1900. However, it seems unlikely that the 
figures for consumption could exceed or approach a 200 lbs. 
per capita, per year level, as the value for 1909 (154 lbs.) 




Table 1. A Tarulation of All SUbsistence SUWlies Delivered Dlrirg the calen:lar Year 1890 at 
Varioos Siaix Agencies Acxx>rdi.Jg to the Ccmni.ssioner of In:lian Affairs. a 
Stan:linJ Oleyenne Crow lDwer 
Articles Pine Ridgel> Rosebld Rock River Creek Brule 
Pourrls Pouoos Pouoos Pourrls Pourrls Pourrls 
I3a.CX>n • • • • • • • • • • • • •  225, 000 274 , 231 126,170 28 , 553 17 , 714 17 , 420 
Beef (gross) • • • • • •  4 , 926, 860 4 ,579 , 820 2 , 483 , 270 586,175 241, 960 387 , 232 
coffee • • • • • • • • • . • •  62 , 574 58 , 024 55,127 30, 278 14 , 015 12 , 279 
com . . . . . . . . . . . . . .  61, 830 64 , 682 27 , 900 16, 968 . . . . . . .  31,551 
Fl� • • • • • • • • • • • • •  402 , 300 545·, ooo 663 , 651 451, 670 . . . . . . .  214 , 780 
Haniny . . . • . . . . . . . .  3 , 000 30,000 . . . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  
lal:d. . . . . . . . . . . . . . .  4 , 000 . . . . . . . . .  500 . . . . . . .  600 786 
llc>rk • • • • • • • • • • • • • •  . . . . . . . . . . . . . . . . . . 60, 000 10, 900 . . . . . . .  . . . . . . .  
Salt • • • • • • • • • • • • • •  . . . . . . . . .  . . . . . . . . .  18 , 845 15, 654 . . . . . . .  . . . . . . .  
�ar • • • • • • • • • • • • •  117 , 101 114 , 901 108 ,138 62 , 086 23 , 034 22 , 192 
'!'ea. • • • • • • • • • • • • • • •  383 238 384 137 190 252 
'Mlea.t • • • • • • • • • • • • •  . . . . . . . . . 20,000 30, 000 . . . . . . .  318 , 342 42 ,027 
Rioo • • • • • • • • • • • • • •  3 , 000 . . . . . . . . .  . . . . . . . . . . . . . . . .  3 , 000 . . . . . . .  
arable is taken fran the Annual Report to the Ccmni.ssioner of Imian Affairs (1891) , AR:>eniix 
C:pl97 
�aticn figures for the close of 1890 (presented in the 1891 c. I .A.  Report) are as follows: 
Pine Ridge, 5701; Rc>sel:x.ld, 5345; Starrlirg Rock, 4096; Oleyenne River, 2823 ; Crow Creek, 1058 ; 
IDwer Brule, 1026. 
rations were delayed due to inaction on an appropriation 
bill in Congress. It should be remembered that the Teton 
Sioux were almost wholly dependent ·on government rations 
during this time, and disruptions in supplies would have had 
an immediate and serious effect upon their material well 
being. The appropriation bill was signed on August 19, 
1890, with the fiscal year having begun on July l; 
therefore, we may assume it took several months for the 
supply of treaty mandated rations and annuities to arrive at 
the various reservations. Given that we have a reasonable 
figure for actual monthly outlays of the beef issue for 
spring of 1890 at Pine Ridge, it seems temperate to suggest 
that it was the delay in these rations rather than the newly 
adjusted absolute amounts that contributed to the 
deprivation and hunger of the Teton Sioux at this time. 
such a delay in these goods would certainly have been 
interpreted by the Sioux as bad faith on the part of the 
government, something that was sure to have only increased 
their sense of disaffection and despair which led ultimately 
to the catastrophe played out over the last days of 1890, 
and now known as the Wounded Knee Massacre. 
Another factor that should be recognized as confounding 
simple explanations involving hunger and semi-starvation is 
the fact that the Pine Ridge population was already facing a 
considerable amount of stress due to several recurring 
epidemics at this time (Hyde, 1956). The synergistic 
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interaction between these disease states and even a moderate 
level of malnutrition should now be obvious (Carmichael, 
1983; Scrimshaw, 1983; Taylor, 1983). Particularly 
important in this regard is the acknowledgement that acute 
infectious episodes can also bring about malnutrition 
through a variety of mechanisms (principally nutrient 
absorption and utilization) (Martorell, 1980). Also, a 
massive community infection of the kind suggested as having 
prevailed during the winter of 1889-1890 at Pine Ridge would 
have severely taxed the social network of the Oglala and led 
to further secondary infections accentuating mortality over 
this short period (1888-1890) of time (Carmichael, 1983). 
Accordingly, I tend to agree with Utley (1963) in conceding 
that there was probably widespread hunger among the Sioux 
for a portion of this strife-filled period (1889-1890) .  
Starvation was possibly seen in some instances; however, the 
evidence is much too conflicting to be able to conclusively 
decide this issue. 
It does seem to be reasonably apparent, though, that if 
the beef issue is a good indicator (i . e. contracts let minus 
very liberal allowances for shrinkage, waste, and loss) of 
the general diet of the Sioux, they should have been quite 
adequately maintained on government rations up until the 
time when the 1890 issue was delayed. This new insight is 
possible now given the estimates provided by Komlos (1987) 
for per capita annual total meat consumption for the White 
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population in the U.S. during the 19th century. In most 
instances where comparisons are possible, the beef issue to 
the Sioux is absolutely higher than any of the estimates 
provided by Komlos (1987), even given a 50%-75% allowance 
for shrinkage, loss, waste, fraud or abuse (C. I. A. 1877, 
1878, 1880, 1882, 1883, 1884, 1885, 1889). As noted in 
Table 2, this is especially consistently true for the Pine 
Ridge Oglala. Komlos' (1987) observations on 19th century 
American meat consumption can also be compared to the case 
of Britain where Howe (1972) notes that consumption, as 
measured by carcass weight, rarely exceeded 130 lbs. per 
capita before the 1950s. 
However, it should be acknowledged that the figures 
provided in Table 2 may not be exactly compatible to Komlos' 
figures (1987) even given a 50%+ allowance for wastage and 
loss, simply because typical white consumption patterns 
differed markedly from those known ethnographically for the 
Sioux. Both Nurge (1970) and Seerley (1965), as well as 
numerous C. I.A. reports throughout the early (1870-1893) 
reservation period, often mention that the Sioux typically 
utilized their beef issue much in the same way they had the 
buffalo previously; i.e. making good use of the fats, blood 
and offal that would normally be lost during the rendering 
process, and hence usually unavailable to the non-farming 
White population. That American farmers and agricultural 
sector workers are known to exhibit taller mean statures 
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1x106 817. 7 
9X105 979. 3 
N. A. 
1. 15xio6e11ood 
7. 5x105 766. 1  
8x105 728. 6 
8x105 754. 0 
8x105 724. 6 
199of 4. 93x106 864. 2 4. 56x106 856 . 8  2. 48x106 606. 3  5 . 86x105 207. 6 2. 42X105 228. 6 
1892 6x106 985. 5 3. 8x106 822 3. 5x106 883. 8 N. A. 1x106 909. 9 
1893 3. 5x106 572 . 6 1. 85x106 432. 6 2. 75X106 N.A. N. A. 1x106 N.A. 
� Y e a r  c a l c u l a t e d a s  f o l l o w i n g :  1 8 7 4 - 1 8 7 5 , s t a r t i n g w i t h  s a m e y e a r  c o n t r a c t  w a s  l e t .  
R o u n d e d . c C a l c u l a t e d f r o m  t h e  s t a r t  o f  t h e  y e a r  ( 1 8 7 4 • • •  ) f o r  t h e  e n t i r e p o p u l a t i o n ,  a s  r e p o r t e d i n  t h e  
A n n u a l C o m m i s s i o n e r o f  I nd i a n A f f a i r s  ( C . I . A . ) R e p o r t  f o r  t h e  y e a r  c o n t r a c t  w a s  l e t . U s e d a s  a n  
� n d i c a t i o n o f  g r o s s  a v a i l a b i l i t y .  
P o p u l a t i o n F i g u r e s  t a k e n  a s  t h e  i m m e d i a t e  p r e v i o u s  c a l e n d a r y e a r  o r  t h e  f i n a l i z e d  c e n s u s 
r e p o r t e d a t  t h e  e n d  o f  t h e  s a m e  c a l e n d a r  y e g r .  e P o s s i b l e  p r i n t e r s  e r r o r . A s s u m i n g 1 . 2 5 x 1 0  l b s . , a c o n s e r v a t i v e e s t i m a t e  w o u l d  y i e l d  1 2 6 5 . 2  
l b s . p e r  c a p i t a . 
A c t u a l a c c o u n t i n g o f  a l l s u p p l i e s d e l i v e r e d  d u r i n g t h e  c a l e n d a r  y e a r  1 8 9 0  a s  r e p o r t e d i n  t h e  
1 8 9 1  C . I . A .  r e p o r t . C o m p a r e  w i t h f i g u r e s  f o r  1 8 8 9 - 9 0 . C h e y e n n e  R i v e r ' s  a g e n t  w a s  a u t h o r i z e d  t o  
b u y  1 m i l l i o n l b s .  o f  g r o s s  b e e f  f r o m  h i s  I n d i a n s , t h e  A g e n t  a t  S t a n d i n g R o c k  7 5 0 , 0 0 0  l b s .  T h e  
s a m e  a r r a n g e me n t  i s  c l a i m e d  f o r C r o w C r e e k . 
during the early 19th century is thought to be connected to 
their special access to such "extra-edibles" (Komlos, 1987) 
or higher quality food (Margo and Steckel, 1983) when 
compared to their more urban contemporaries. Also 
significant in this regard are reports (Nurge, 1970) and 
even photographs (Anderson and Hamilton, 1971) that show 
that the Sioux also dried and prepared their beef issue as 
they would have buffalo meat. This indicates that the Sioux 
would have avoided the adverse effects of salting (Fogel, 
1986), and may have been able to safely store a greater 
portion of the meat available to them than would be possible 
for their rural White neighbors (Higgs, 1973). It is the 
present author's contention that if anything, such 
comparisons with White consumption patterns would tend to 
underestimate actual Sioux consumption of meat from all 
sources. Even given liberal allowances of 50-60% wastage 
from all sources, it would seem that many of the Sioux at 
the larger agencies (Teton) may have been able to sustain a 
level of per capital annual total meat consumption that 
exceeded the estimated White average by 20% for several 
years prior to 1893. A greater disparity is probable for 
comparisons with the Pine Ridge and Rosebud reservations. 
It should be remembered that the government issue rations 
did not supply a broad spectrum diet for the Sioux, and 
various nutritional deficiencies are certainly possible 
within this framework. 
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Wounded Knee marked the culmination of enforced 
acculturation for the Teton Sioux (Satterlee and Malan, 
1968). Soon afterwards, most Sioux on the reservations 
became grudgingly reconciled with the status quo, and to the 
fact that their old way of life had gone forever. 
Government day and nearby boarding schools grew more popular 
and attendance swelled. Although tipis were still fairly 
common on the reservations well into the 1890s (Anderson and 
Hamilton, 1971), these were gradually being replaced by 
simple one room plank houses. Many Teton were also 
beginning to realize that they could easily augment their 
government rations by entering into the cash economy, 
usually by hauling freight for the Indian Office, working 
for the railroads, or for the Agency itself, and were 
encouraged to do so. Many Wild West Shows (Buffalo Bill's 
among these) also employed these Sioux , who would then 
travel to Europe and return home relatively wealthy and 
speaking good English. This latter practice was strongly 
discouraged by the Indian agents as being disruptive, 
however. 
For the remainder of the century calm prevailed on the 
Sioux reservations. Although the Army would continue to be 
concerned over possible hostile outbreaks up until 1898 
(Wooster, 1985), the period of confrontation with regular 
troops had by now long passed. Conflicts with White 
ranchers over trespass on Sioux lands would become prevalent 
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during the 1880s and 1890s, but no serious incidents of 
violence were noted (Gerlach, 197 0). By the mid-1890s 
several reservations were supplying their own beef rations 
by selling the stock they raised back to the government 
(C. I. A. ,  1896). By 1897 the Oglala at Pine Ridge were 
running over 40, 000  head of cattle for a population of 6, 386 
individuals (C.I.A., 1897). By 1896 the Sioux on the 
reserves east of the Missouri were making respectable 
progress in agricultural pursuits, with the Yankton raising 
over 100, 000  bushels of wheat and 90, 0 0 0  bushels of corn for 
the year (C.I.A., 1896). By the turn of the century the 
Teton Sioux were realizing sizable returns from ranching, 
with the Oglala ' s  able to sell over 2 million pounds of beef 
annually (C.I.A., 1898; Gerlach, 197 0) . By 1905 the Pine 
Ridge Oglala's were considered to have made a successful 
transition to a cattle economy (Gerlach , 197 0) .  
The cattle economy allowed the Sioux to retain some 
traditional aspects of their former buffalo economy, and 
established the possibility of self-sufficiency without 
resorting to the more unfamiliar and precarious agricultural 
pursuits that were consistently advanced by the Indian 
Office as a model for self-support. For the Oglala men who 
considered farming women's work (Hoover, 1983; Hyde, 1956, 
1967), to again rove the plains by horse and to move about 
independently with their cattle herds provided them a sense 
of satisfaction and incorporated many of the horsemanship 
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and marksmanship skills that were formerly associated with a 
Teton warrior-hunter (Gerlach, 1970; Satterlee and Malan, 
1968). 
Throughout the reservation period the Indian Offices • s  
avowed policy was one of rapid assimilation. All the 
treaties made with the Sioux from the Yankton Treaty of 
1858 on had some stipulation for the expenditure of funds 
for education. Day schools became increasingly popular with 
the Sioux after their introduction in the mid-1880s, this 
despite perennial problems with poor equipment, under­
staffing and poor staffing, and poor and often dangerously 
toxic (infectious) sanitary conditions (Hyde, 1956; Putney, 
1980; Schell, 1975). The other main feature of this 
assimilation policy was of course the push for individual 
allotments of land. Allotments were generally completed on 
the eastern Sioux reservations (Santee , Sisseton, Yankton 
and Devil's Lake) by the early 1890s, if not earlier, at 
which time very few of the Sioux on reserves west of the 
Missouri had even begun this process. These latter Sioux 
would not fully involve themselves with the allotment 
process until after 1900. As a result of these allotments, 
• surplus' land was created for White settlers, effectively 
breaking up the reserves into checkerboard patterns of 
Indian and White holdings--slowly whittling away the size of 
these reserves for many years . The Allotment policy in and 
of itself signaled an end to tribal authority; the Sioux 
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were compelled to accept allotments or the government would 
assign them to the Sioux, and the Congress saw fit to only 
offer a veneer of protection against unscrupulous White land 
dealers. The main achievements of this policy are now 
recognized as the separation of the Indians from tribal 
lands, the destruction of existing tribal organization, and 
the inordinate increase in governmental responsibility for 
Indian lands and financial affairs (Priest, 1942; Prucha, 
1984; Schell, 1975) . 
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CHAPTER III  
RATIONALE AND METHODOLOGY 
Secular Trends in Heights as an Indicator 
of Net Nutritional and General Health Status 
Anthropometric measures have long been utilized as 
indicators of general economic welfare and nutritional and 
health status. Of these measures, height--either reported 
for given ages, the age at which growth ceases, attained 
adult stature, or the rate of change or increase in height 
during childhood--has enjoyed the longest tradition of use, 
stretching back over 150 years (Tanner, 1981, 1982). 
Anthropometric measures of weight and height are thus said 
to " ·  . .  reflect accurately the state of a nation's public 
health and the average nutritional status of its citizens" 
(Eveleth and Tanner, 1976: 1), and are utilized by agencies 
like the World Health Organization to regularly assess the 
nutritional status of the population of less-developed 
countries. 
There is ample documentary and clinical evidence of a 
variety of environmental conditions having a negative effect 
upon growth. In general, past studies have associated low 
economic status; poor living or sanitary conditions; 
numerous disease states; poor access to health care; 
psychological stress; and above all , malnutrition; with 
shorter statures, delayed growth velocities, slower 
68 
maturation, and reduced muscle and skeletal mass (Bielicki, 
1986 ; Bogin, 1988 ; Frisancho, 1978 ; Tanner, 1988). However, 
it should be remembered that human growth is the result of a 
complex interplay of not only various environmental factors 
but hereditary determinants as well: 
Two genotypes which produce the same adult 
heights under optimal environmental circumstances 
may produce different heights under circumstances 
of privation. Thus two children who would be the 
same height in a well-off community may not only 
be smaller under poor economic conditions, but one 
may be significantly smaller than the other. This 
type of interaction, called non-additivity of 
genotype and environment, may be quite detailed 
and specific in its effects. If a particular 
environmental stimulus is lacking at a time when 
it is essential for the child (times known as 
• sensitive periods'), then the child's development 
may be shunted, as it were, from one line to 
another. We know, as yet , little of the details 
of such interactions, but quite enough to make 
overly-simplified models scientifically suspect 
(Eveleth and Tanner, 1976: 222) . 
In this regard it has long been observed that American 
Black children, when matched for socioeconomic status 
variables with White children, show a consistent advancement 
over these Whites in skeletal maturation and in the 
formation and emergence of permanent teeth (Garn and Bailey, 
1978) . While African Black children seem to be similarly 
advanced over European Whites at birth (Masse and Hunt, 
1963) , by two or three years of age the Africans fall behind 
the Europeans in these developmental measures, probably due 
to the adverse nutritional, disease, and socioeconomic 
factors that could not be corrected for--representing 
greater detriments to growth in the African population 
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(Bogin, 1988; Garn and Bailey, 1978). While well off 
American Blacks will attain adult statures similar to or 
above comparable American Whites, few African Blacks are 
afforded this opportunity. This example also illustrates 
the importance of critical periods of growth; growth 
retardation during the first few years of life largely 
determines the later achievement of shorter adult stature 
(Martore�l and Habicht, 1986). 
While the relative primacy of malnutrition among the 
many environmental factors affecting growth has been often 
suggested (Eveleth, 1986), it must be remembered that such 
nutritional influences are usually seen in conjunction with 
changes in morbidity and mortality, and are inevitably 
almost always associated with synergistic interactions with 
infections and numerous disease states (Chen and Scrimshaw, 
1983; Kielmann et al. , 1983; Martorell, 1980; Martorell and 
Habicht, 1986; Van Wieringen, 1986). As· stated by Taylor 
(1983: 228): 
synergism between common infections and 
malnutrition probably accounts for more mortality, 
morbidity, and reduced growth and development than 
any other combination of factors. Infections such 
as diarrhea and measles, which would be self 
limited in normally nourished children, continue 
to be major causes of mortality in children who 
are malnourished. In addition, common infections 
precipitate overt malnutrition where nutritional 
status is borderline. 
currently there seems to be agreement on the assessment 
that the variation in height (and in other anthropometric 
measures) attributed to environmental factors far outweighs 
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that which can be ascribed to hereditary influences, 
especially when considering populations in developing 
countries usually experiencing poverty and/or other sub­
optimal conditions (Eveleth, 1986 ; Martorell and Habicht, 
1986). 
As a measure of nutritional status, stature is said to 
be a cumulative one, presenting in some sense a record of an 
individual's nutritional history of how effectively he or 
she has coped with past episodes of stress that may have led 
to stunting or reduced growth rates. stunting or growth 
delay need not be a permanent condition if the given 
environmental insult is experienced for a short duration of 
time. In such an instance catch up growth (Tanner, 1978) is 
usually successful in compensating for this delay by 
accelerating "normal" growth velocities during periods of 
more favorable circumstances. However, if this period of 
nutritional stress is prolonged (yet not severe), maturation 
and growth will be delayed, and will continue beyond the age 
at which the growth of well-fed adolescents ceases. Final 
achieved height may also consequently be depressed in such 
an instance. Not infrequently, an individual's response can 
combine these two reactions in order to achieve an adequate 
level of catch up growth. In general it is the periods of 
prolonged and severe undernutrition that are typically 
associated with truncated growth patterns and permanent 
substantial stunting (Bogin, 1988; Frisancho, 1978; Kielmann 
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et al., 1983 ; Martorell and Habicht, 1986). It is also 
important to note that a mortality risk gradient from mild 
to severe malnutrition has been demonstrated (Martorell, 
1980), and that even the poor in the U.S. who experience 
moderate, chronic undernutrition have demonstrated resultant 
cumulative growth deficits (Garn and Clark, 1975). 
Nutritional adequacy in and of itself is not a simple 
concept. Nutritional requirements can vary according to a 
number of conditions, but can be thought of in terms of an 
energy or nutrient balance between the intake of essential 
nutrients and the physiological claims upon the body in 
order to maintain basal metabolic rates, the support of 
normal growth and maturation in children, the repair and 
replacement of tissues, and necessary . levels of physical 
activity (Malina, 1987). Recommendations for energy and 
nutrient intakes must typically consider age, sex, body 
size, level of physical activity, stage of growth and 
maturation, and various physiological states, eg. infection 
and/or illness, pregnancy and lactation (Greene and 
Johnston, 19 8 0 ; Malina, 1 9 8 7 ) . Additionally, nutritional 
adequacy can be influenced by a number of culturally 
mediated dietary practices and activity patterns such as 
food preferences or taboos, food preparation, health 
practices and sanitary conditions, and time of weaning and 
choice of supplemental foods for infants (Martorell and 
Habicht, 1986 ; Scrimshaw and Young, 1976 ; Taylor, 1983). 
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Accordingly, it is useful to think of nutritional status as 
a measure of the net nutritional balance between food 
consumption and the various claims on that consumption 
(Fogel, 1986). Malnutrition defined within this framework 
is the consequence of a deficit in food energy relative to 
need or an inadequate intake of any essential nutrient 
(amino acids and protein, vitamins, essential fatty acids, 
and minerals) (Scrimshaw and Young, 1976). Malnutrition, no 
matter how provoked, affects growth in that this condition 
ultimately determines nutrient availability at the cellular 
level, with the attendant results of reduced rates of cell 
accumulation and the size of cells (Winick and Brasel, 
1980). The further consequent results of these deficits are 
body wasting, and growth delay or retardation during the 
developmental years, which if not later made up by catch up 
growth will result in permanent stunting and shorter mean 
statures. Accordingly, it is generally agreed that mean 
heights provide the best indication of a population's 
cumulative nutritional status over time (Greene, 1980). 
As noted above, the causes of malnutrition are 
frequently complex, involving multidimensional interactions 
with many disease states , and particularly infection. The 
particular virulence of this synergistic interaction is 
indicated by the assessment of researchers that malnutrition 
should be regarded as one of the world' s most prevalent 
immunodeficiency diseases (Cunningham-Rundles, 1984; 
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Martorell , 1980) . A particularly deadly combination between 
infection and malnutrition is seen in the diarrheal 
diseases, which are easily the principle cause of death from 
infections in children in developing countries (Chen and 
Scrimshaw , 1983). While a clear association can be seen 
between childhood illnesses (in particular , diarrheal 
diseases) and depressed physical growth in developing 
countries, this relationship is often not found in developed 
nations (Martorell and Habicht, 1986). This further 
highlights the different environmental contexts in which 
these two disparate populations are found. Children (and 
adults) in the developing world experience a greater disease 
load (more exposure to infectious agents due to the 
contamination of food and water, poor personal or group 
hygiene and sanitation in regards to food handling, and 
incomplete cooking), and generally endure infectious 
illnesses which are more frequent, of longer duration , and 
of greater severity than do their counterparts in the 
industrialized world (Martorell, 1980) . 
However, it is important to note that all infections 
have the capacity to worsen the nutritional status of any 
individual or population, regardless of the infectious agent 
responsible. This effect can be derived by a number of 
mechanisms: reduced appetite, decreased nutrient absorption 
when the gastrointestinal tract is affected, increased 
metabolic loss or poor utilization of energy and nutrients, 
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and cultural practices that may dictate dietary restrictions 
during illnesses (Martorell, 1980; Rotberg and Rabb, 1983) . 
It should be remembered that such episodes of infection 
divert nutrients from growth, and cause the body to draw 
heavily upon nutrient reserves, which in turn may cause 
growth to cease for the duration of the infectious event 
(Fogel, 1986; Martorell and Habicht, 1986). This then would 
provide a good rationale of how malnutrition can be brought 
about with a disease state as a primary cause, illustrating 
the point that simple inadequate nutrient intake, in any 
context, cannot be said to explain all of the variation seen 
in the nutritional status of a population--or the mean 
height series that is the principle measure of this status. 
As mentioned previously, an already depressed 
nutritional status within an individual or a population 
generally is capable of reducing resistance to infection, 
consequently increasing the frequency and severity of many 
infections. These effects are mediated through a variety of 
mechanisms: depressed immunocompetence, reduced production 
of antibodies, less effective phagocytosis 1 weakened 
epithelial barriers, and lower lysozyme production 
(Cunningham-Rundles, 1984; Martorell , 1980; Rotberg and 
Rabb, 1983) . As not all infections are nutritionally 
sensitive (the reverse is true) , and the body's resistance 
to sufficiently virulent pathogens incidental in any which 
case, there is a range of infections that can be identified 
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in which the nutritional status of subjects often plays a 
deciding role in the outcome of such episodes and in 
possible subsequent mortality. These infections need to be 
both nutritionally sensitive and of an intermediate degree 
of virulence. These are apt to include the same common 
childhood ailments (measles, chicken pox, mumps, and 
rubella) that are familiar to most people even within 
industrialized countries. That well-nourished children in 
the developed world usually manage to avoid the sequelae of 
stunting in association with these familiar conditions 
further indicates the importance of nutritional status in 
interceding in such contexts and allowing for catch up 
growth, which would quickly make up the losses seen from the 
more infrequent episodes of these illnesses (Fogel, 1986; 
Martorell, 1980; Rotberg and Rabb, 1983). Other illnesses 
that are known to be definitely influenced by nutritional 
status are tuberculosis, pertussis (whooping cough), most 
respiratory infections, most intestinal parasites, cholera, 
herpes, malaria, the diarrheal diseases, as well as many 
other illnesses caused by viruses, mycobacteria, protozoa, 
and fungi (Cunningham-Rundles, 1984; Martorell, 1980). 
It is within this context that mean heights can be 
utilized as an indicator of the general health status of a 
population (Van Wieringen, 1986). While acknowledging that 
this relationship can be quite complex, and that the effect 
of growth delay will vary from one disease state to another 
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and within different contexts, health status is still 
inevitably reflected in a mean height series in a 
generalized manner. It is recognized that 
an oversimplified approach which assumes strict 
proportionality or some other simple relationship 
between stunting or its absence will miss or 
greatly underestimate . . .  much of the range of 
diseases occurring among well-fed populations 
(Fogel, 1986: 116) 
including most chronic diseases. The interactions between 
many disease states (particularly infections) and mal­
nutrition have definite consequences for nutritional 
status, particularly in developing situations, namely an 
increased risk of infection and mortality as well as 
physical growth retardation. Again, we are reminded by 
Fogel (1986: 3 3) 
although mean height is a good measure of 
nutritional status, it does not by itself indicate 
whether fluctuations in net nutrition are due to 
fluctuations in the consumption of food, in the 
claims on the food intake, or in the efficiency 
with which food is converted into outputs. 
It remains difficult to decompose the effects of these 
various factors on growth and mortality, and no direct 
attempt will be made in this thesis in this regard. 
Secular trends or changes in growth refer to long-term 
alterations in the pattern of growth and development in a 
given population. Generally these changes do not occur 
uninterruptedly in any one direction, but exhibit cycles of 
changes in growth (here mean heights) in response to 
shifting environmental circumstances, as described above. 
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These fluctuations are described with the adjective 
'positive,' denoting greater growth velocity, increased 
adult (or child) heights, and earlier maturation; and the 
adjective 'negative,' designating the reverse situation, 
depressed heights over time or delayed growth. In general, 
an increase in height (over time) or earlier maturation can 
be regarded as a favorable indicator of a population's 
nutritional and health status, as these changes are strongly 
associated with better living conditions, reduced morbidity 
and mortality, and improved socioeconomic status (Bielicki, 
1986; Eveleth, 1986; Van Wieringen, 1986) . . 
However, it should be mentioned that a tall stature as 
such is not 'better' than a smaller one, only that given 
adverse conditions (undernutrition, poor living standards) a 
population may not be able to express the maximum size 
permitted by the genes, an outcome that has only recently 
been realized throughout the industrialized world (Eveleth 
and Tanner, 1976; Tanner, 1981). While severe malnutrition 
and accompanying poor social and living conditions do seem 
to be associated with certain motor coordination and 
cognitive deficits during early childhood (Balazs et al. , 
1986), this does not necessarily imply that our 19th century 
European or American ancestors, who would fall into the 25th 
percentile of a modern height distribution (at age 18) never 
came to express their 'full' normal intellectual or cultural 
potential (Komlos, 1987; Steckel, 1986). 
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While it is noted that positive secular changes are 
usually concomitant with favorable trends in a variety of 
indices of economic well-being and improved living 
standards, these growth changes are entirely reversible 
given periods of economic or living standard deterioration. 
Indeed, such a cycle in heights can be seen for native-born 
white males within the United States during the later 19th 
century. Fogel (1986) reports that the mean heights of 
these Americans declined after 1830 and only recovered this 
statural loss after about 1890. 
Mater ials and Methods 
The Composition and Derivat ion of Samples Ut ilized 
The standing height data that were analyzed for secular 
trends for this study originate from two main sources. One 
source, identified as the "Boas" set, consists of 
anthropometric measurements from most of the prominent Sioux 
bands and sub-bands, mainly carried out by students of Franz 
Boas or observers trained by Boas or these students. These 
data were collected for (or as ari adjunct to) the World's 
Columbian Exposition, chiefly during the years 1891-1892, as 
part of the larger North American anthropometric survey 
undertaken at this time (Jantz and Key, 1987; Sullivan, 
1920). Although collected under similar circumstances (as 
all the Sioux were on reservations or under government 
"agency" oversight at the time), it can be shown that within 
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this heterogenous grouping of Sioux bands discernibly 
different contexts did exist. As the data utilized for the 
Boas set of Sioux were unusual in that most of the original 
data sheets are missing and unavailable, it is presently 
impossible to disaggregate this sample into the original 
different constituent bands of Sioux represented within the 
data set. The groups of Sioux Indians that are known to be 
represented within this sub-sample of the larger Boas North 
American Indian anthropometric data set can be gleaned from 
the original data sheets that are available for Sioux 
children, and from a listing supplied by Sullivan (1920). 
From these sources it is apparent that the Boas data set 
includes samples taken from every Sioux reservation in North 
and South Dakota, as well as Nebraska. Some Sioux children 
were also measured at distant boarding schools, Haskell 
(Kansas) and Grant (Nebraska) among these. According to the 
summary presented by Sullivan (1920), all three divisions of 
the Sioux tribe are included within the present sample. · The 
Western or Teton Sioux represent just over half of this 
total, with these Sioux seemingly the only division for 
which most of the individual bands and sub-bands were 
identified separately. While it is difficult to be certain, 
it appears that the samples cited by Sullivan (1920) would 
roughly reflect the actual historic (ca. 1891) proportion of 
the various major band populations within the Sioux tribe as 
a whole. It is from Sullivan's tally sheets for the Sioux 
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that most of the individuals comprising the Boas data set, 
used herein, are drawn. 
The second source of height data is a primary one, and 
is derived from anthropometric measurements taken and 
collected by Dr. James R. Walker on the Pine Ridge 
reservation, South Dakota, in the years 1905-1907 (Walker, 
1980; Wissler, 1911). These Sioux were all identified as 
Oglalas ; however, it is possible that a few Cheyennes were 
included in this sample, though probably not representing 
more than 5% of the total. Dr. Walker was the full-time 
agency physician at Pine Ridge for eighteen years (1896-
1914), and came to be well acquainted with traditional Sioux 
customs and beliefs during his tenure at the reservation. 
Dr. Walker's relationship with the Sioux was one of mutual 
trust and respect, which afforded him unusual access· to 
Oglala informants and holy men from whom he drew upon to 
undertake various anthropological studies apart from his 
work as a physician (Walker, 1980, 1982, 1983). Walker's 
interest in the disappearing elements of traditional Sioux 
culture first came to the attention of Clark Wissler, from 
the American Museum of Natural History in New York, in 1902 
when Wissler visited Pine Ridge to collect anthropological 
material for the museum. Noting Walker's interests, Wissler 
proposed that Walker carry out anthropological 
investigations on behalf of the American Museum. This was a 
common method of the day, whereby field research was carried 
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out with the help of interested Whites and Indians alike, 
who would then send their notes and manuscripts to the 
museum where the staff would edit them for publication 
(Walker, 1980). Wissler would continue to personally 
instruct and encourage Walker's efforts, even after the 
former became the head of the anthropology department and 
director of scientific research at the American Museum in 
1905, and Walker had long since retired from the Indian 
Service (1914). Indeed, their professional correspondence 
only ceased the year before Walker's death in 1926. It is 
mainly through this correspondence and a few visits to Pine 
Ridge that Wissler was able to instruct Walker on 
anthropological methods in the field, although no record 
survives on the exact methodology suggested or utilized to 
measure stature or other anthropometric dimensions. 
Only the Walker set of measurements are wholly 
available from the original data sheets, showing various 
measures made on each individual, who are identified by 
number and name. For the Boas data set, the adults 
comprising the sample were taken from Sullivan's tally 
sheets, from which he published an early summary on the 
anthropometry of the Siouan tribes (1920) . These latter 
individuals are also identified by number and name but lack 
specific band or divisional determinations. The Sioux 
children represented within the Boas data set were largely · 
available from original data sheets. All measurements were 
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taken in centimeters and were entered as millimeters (i.e. 
147.1 cm becomes 1471 nun). 
While the Walker data set is not part of the Boas North 
American Indian anthropometric data set proper, it is 
generally comparable to this larger data set for several 
basic measures, and eventually will be incorporated into the 
(corporate) Boas data set. As previously mentioned, the 
present sub-sample of the larger Boas data set and the 
Walker data set are currently being curated at the 
University of Tennessee, Knoxville, after being housed at 
the American Museum of Natural History for several decades. 
Both data sets were kindly made available to me by Dr. R. L. 
Jantz, Professor of Anthropology at The University of 
Tennessee, Knoxville. 
Problems of Samples Used and General Assumptions 
As alluded to above, there are a series of issues 
pertaining to the nature of both data sets that need to be 
addressed. Among other topics, when a comparison of the 
Walker data sheets that were retrieved from the American 
Museum of Natural History was made with a previously 
published description of this collection (Wissler, 1911), it 
was noted that seemingly a substantial portion of the 
original data sheets were missing. 
Wissler notes that Walker took measurements on 1, 770 
"full blood" Sioux and 1, 193 "half blood" Sioux Indians at 
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Pine Ridge. There is little information available to 
discern exactly how these groups were differentiated, though 
Wissler's (1911) analysis proceeds by partitioning these 
groups from the whole. As both parents are scored for 
"blood" relationships on the data sheets, it may be possible 
to reconstruct how these categories were created (e. g. , does 
an individual with a father identified as being of "mixed" 
blood and an " Indian" mother classify as a full blood or 
half blood, etc. ). However, this determination was not 
deemed necessary for the present analysis of secular trends, 
and all individuals were combined into a s.ingle category 
(Sioux Indian) for the analysis. (There is a strong 
indication that Wissler's tendency was to rigorously apply 
the standards of " Indian-ness" in his partition of the 
sample. ) 
This said, the available Walker data set presently 
comprises 1, 710 individuals, of which 1, 051 are used in the 
present analysis. This would indicate that about 42% of the 
original collection is missing. An exact accounting may be 
quite difficult to obtain, however, since it was Walker's 
practice to count "each child separately each year he or she 
was measured" (Walker, 1980: 19) . Thus, each child is 
identified with a new I . D .  number for each year, and would 
be counted as a separate individual in different years. 
This practice seems to have been known to Wissler, and he 
may have excluded these individuals from his 1911 analysis. 
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A few adults were remeasured also. For purposes of 
continuity and clarity, Walker's practice is continued in 
the present analysis, and it is not thought to affect an 
examination of secular trend (Jantz, pers. comm. , 1987). 
Wissler (1911) reported a grand total of 2738 Sioux children 
from Pine Ridge, and it is thought that Walker originally 
measured about 1, 000 children with 457 remeasurements 
(Walker, 1980: 19). The samples utilized in the present 
analysis of Walker's data comprise 638 children (aged 6-11  
years, combined sexes) and 4 13 adults (aged 20 and above). 
However, if Wissler's (1911) accounting of totals can 
be relied upon, a much greater proportion of the children 
originally measured by Walker are missing from the present 
Walker data set. Wissler (1911: 357) gives the following 
totals: 635 adults and 2, 738 children (both "pure" bloods 
and "mixed'') for a grand total �f 3, 373 Oglala Sioux at Pine 
Ridge that were measured by Walker. Seemingly then, to 
obtain his total of 2963 Sioux (1, 770 "full" bloods and 
1, 193 "mixed" bloods) Wissler seems to have disregarded 410 
individuals--possibly those that were remeasured. 
Significantly, for the calculation of stature (1911: Table 
1: 357) Wissler utilizes the entire sample of 3, 373 Sioux, 
indicating that the present sub-sample represents just under 
5 1% of the total number of measurements or individuals 
(including remeasures) taken by Dr. Walker. 
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It is not thought that the remaining children or adults 
represent a biased or a non-random sample of the original 
measurements obtained by Walker. As the height by age 
profile for children comprising the present Walker data set 
agrees very substantially with one that is supplied by 
Wissler (1911: 35), as do the two respective figures for 
adult height, this assumption was not tested explicitly. 
With the Boas data set the largest concern can be seen 
to be the composite nature of the Sioux sample. As noted in 
the history section, discernibly different contexts (i.e. 
environmental, historical, geographical, etc.) did exist 
between the three Sioux tribal divisions. It would then be 
important to ascertain if these putative differences would 
be reflected within this corporate sample of Sioux from all 
divisions and most major bands. As noted above, it is not 
presently possible to test this proposition directly, as 
there is no band or division identified for each individual 
on Sullivan's ( 1920) tally sheets. However, Sullivan 
himself carried out z-tests on the different band population 
height averages represented within this sample. 8 He 
8 The bands that are listed in Sullivan's (1920) 
summary and upon which he performed statistical tests are: 
Santee, Wahpeton, Sisseton, Yankton, Yanktonai, Cut Head, 
Brule, Loafer, Oglala, Waziahziah [sic ] ,  Sans Arc, 
Blackfoot, Minneconjou, Two Kettle, Hunkpapa, and 
Assiniboin. These latter Indians were not included as Sioux 
within the corporate Boas data set or the present sub-sample 
of Boas data. The Assiniboin split off from the Yanktonai 
band of Sioux sometime before the major migrations onto the 
Plains occurred, possibly before 1700 (Feraca and Howard, 
1963; Hyde, 1967). 
86 
reported on these constituent Sioux bands, finding no 
statistical differences between the average heights of the 
Sioux bands comprising the present sample. These tests 
were made on a total of 538 "pure [ blood] "  adult Sioux 
males, representing more than one third of the original Boas 
data sample for the Sioux (1,405 individuals including "half 
bloods"} according to Sullivan (1920: Table V: 101). The 
totals of Sioux within the present corporate Boas �data set 
currently are 993 total, with 745 males and 248 females 
(Jantz and Key, 1987). Of these, the present sub-sample 
utilized herein comprises a combined total of 895, with 816 
adults and 79 children (aged 6-11 years). 
The comparability of results and measures is also an 
important concern. As the Boas data are essentially a 
composite set of measures taken by several observers, 
interobserver error in measurements and observations may be 
a problem. This question also concerned Boas himself, and 
he took several actions to attempt to deal with this 
problem, including carefully instructing all observers on 
the East Coast, and having observers on the West Coast 
practice with their instructors (Jantz and Key , 1987). 
Sullivan (1920) also was concerned about this issue, and 
noted that for the Sioux there did not seem to be 
significant differences between the height averages reported 
from the eight different observers who measured the tribe. 
This said, it must be noted that since each observer 
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essentially reported on a different band or group of Sioux, 
a true error analysis can not be undertaken (Jantz and Key, 
1987). 
As Walker is known to be the only observer for his data 
set, the problem of interobserver error does not arise. 
However, the exact method by which Walker measured his 
subjects is not known . Presumably, the measurement of 
stature did not differ from the standards set by Boas, as 
Walker was instructed by Wissler, and Wissler was trained by 
Boas. Sullivan (1920: 93) notes an essential (if obvious) 
point, that stature should be taken without shoes. This 
should also have been obvious to Dr. Walker, whose 
sophistication and diligence is reflected in the fact that 
he reports on weights for each individual, certainly an 
unusual and difficult undertaking for field measurements of 
the period. However, as noted by Sullivan (1920: 98) the 
height averages of Walker's collection of · Oglala Sioux, as 
reported by Wissler (1911), are higher than those found in 
the Boas data set . This can also be observed within the 
present sample of Walker's data, and this difference appears 
to be consistent throughout the entire height series. The 
disparity between heights can range as high as 3-4 cm, but 
generally Walker's Sioux are at least 1-2 cm taller than 
the Sioux represented within the present Boas data set. 
This can be seen in the series of heights reported on in 
Appendix A; Figure A-1 for the Boas data set children and 
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adults : and Figure A-2 for the listing of all the 
individuals within the Walker data set. A means procedure 
of SAS (SAS Institute, Inc., 1985) was utilized to calculate 
the sample sizes, mean heights, standard deviations , 
variances, and minimum and maximum values for each age and 
sex. 
The origin of this consistent difference within the 
Walker data set is unknown. A test of the "shoe" hypothesis 
was carried out, utilizing the month recorded on the data 
sheets and partitioning the sample of children into "winter" 
and "summer" seasons. It was conjectured that during the 
summer the children would be more likely to go barefoot; 
however, no significant differences were found in the 
heights of children between the winter or summer months. 
From a look at the comparable standard deviations of 
the two different data sets (Boas v. Walker) in Appendix A ,  
it can be noted that the magnitude of these deviations are 
quite similar for both sets and are certainly reasonable 
given the sample sizes involved. This again is a good 
indication of  the internal consistency of  this possible 
systemic bias in Walker's data. Possible sources of this 
putative bias are several : (a) Walker could have measured 
his group of Sioux consistently in a manner different than 
the Boas group of Sioux, (b) secular trend could be 
responsible for the difference , (c) the small sample (n=39 J 
utilized by Sullivan (1920) to illustrate a typical Oglala 
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population height mean9 may not be an accurate reflection of 
the "true" population mean for the Oglala Sioux males 
included within the Walker data set, and hence the Walker 
Oglala sample might simply display a higher height mean 
than the average Sioux male (as reported on by the 
"composite" Boas data set) . It should also be mentioned 
that differences of this order (3 . 2-3 . 3  cm) can be noted in 
modern developed societies between the extremes of 
socioeconomic levels (unskilled laborers vs . managerial 
classes) (Bielicki, 1986 : Tanner, 1981) . Much larger 
differentials between socioeconomic classes in 
underdeveloped situations are certainly possible, with India 
having a differential greater than 6 . 4 cm between groups of 
high and low socioeconomic class children (Martorell and 
Habicht, 1986) . Fogel (1986) reports on a historic 
differential of 4 cm between farmers (being taller) and 
urban laborers that accurately reflects the start of a 
deterioration in the final adult heights of native-born U . S .  
White males in an 1840 birth cohort . 
9 Sullivan (1920: 95-9 6) gives "averages" for height : 
it is assumed that this is equivalent to an arithmetic mean . 
The calculated mean of the Walker data set for all adult 
males (1753 . 26 mm) is reported on in the next Chapter (IV) . 
Sullivan gives an Oglala "pure blood" male average of 1728, 
with a standard deviation (S . D . )  of 49 . 1 .  These means were 
found to be significantly different (p< . 01) when a T-test 
was utilized . It should be mentioned that Sullivan does 
allude to the fact that he had access to other Oglala 
samples for height (possibly for women and children) besides 
the males he reports on . 
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This said, such a systematic differential or "bias, " 
even if credible, should not seriously distort secular 
trends as long as it can be shown that the distribution of 
individual or mean heights retains an approximate normal 
distribution (Fogel et al., 1983; Jantz, pers. comm., 1987; 
Steckel, pers. comm., 1988). This can be shown graphically 
for the Walker data set with an examination of the composite 
growth curves obtained from the Walker data set as well as 
the height profiles for each sex. These can be seen in 
Figures 5 through 8, which were generated utilizing Walker 
means for height by age and sex and calculated with the 
MEANS procedure of SAS (SAS Institute, Inc., 1985). An 
inspection of the graphs shows that Walker children show a 
fairly normal cross-sectional curve or pattern of height 
attainment (Eveleth and Tanner, 1976; Tanner, 1978). The 
fluctuations seen within the adult ages are due to the 
differences in final attained heights over a span of decades 
(minus some statural loss due to aging). As previously 
discussed, these fluctuations are seen as mainly as a 
response to shifting environmental circumstances during the 
developmental periods of the individuals represented within 
an age group. These are the secular trends over time that 
this thesis reports on and will attempt to interpret. Thus, 
for the three females and four males aged 30 within the 
Walker data set, the final heights would be reporting on the 
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1877 through 1896-1897, while these individuals were growing 
and maturing to adulthood. We shall return to the issue of 
this possible bias in the discussion of Chapter IV. 
From the above, one can get a sense of the number of 
individuals available for each age within the data sets. 
The Boas and Walker data sets are not well matched in this 
regard, with the Boas set having many fewer children than 
the Walker set, and the Walker set having many fewer adult 
males than does the Boas data set. (Both sets have roughly 
equivalent total numbers of adult females.) Because of the 
small sample sizes for many of the individual age groups 
involved, it was not thought advisable or particularly 
useful to compare the mean heights of the two groups of 
Sioux at successive ages with a string of students' t-tests. 
While one can be reasonably confident that larger age 
classes (i.e. 20-30 years of age by decade of birth) have 
approximate normal distributions of heights, reliable 
results might be difficult to obtain for some individual age 
groups (age 21, 22, 23, . • . ) owing to small sample sizes. 
In such instances, height distributions may be truncated in 
a manner that might render a t-test suspect (Fogel et al. , 
1983). In the next chapter (IV) we will be able to 
explicitly test for differences between the means of 
several age classes. 
Another issue of concern is the comparability of the 
ages given for individuals within the two data sets. Both 
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Boas (1894) and Walker (Walker, 1980; Wissler, 1911) were 
also aware of this possible source of bias. However , as 
noted by Fogel et al. (1983), accuracy in age would have 
only minor effects on the determination of a secular trend 
in final heights (as growth has ceased by this time and 
errors on the order of ± 2 years can be tolerated) , but 
would be of some importance during the growing years. Boas 
(�894) noted that his observers would attempt to accurately 
determine a child's age by questioning parents or other 
people familiar with the Indian families. Wissler (1911) 
noted that Walker would carefully question parents, 
utilizing the winter-count calendar by which most of the 
Sioux reckoned their age and other important yearly events. 
Given Walker's familiarity with the Sioux under his charge , 
it can be assumed that his age determinations should be 
slightly more accurate (on average) than those represented 
within the Boas data set (compiled from 8 different 
observers). In this regard it can be noted that there does 
not appear to be glaring differences in the variability of 
the height measures given in Appendix A between the two data 
sets; if anything , the Boas data set shows slightly less 
variation for the height means for these childhood ages. 
Analyses Performed 
Two basic analyses were performed on both the Walker 
and Boas data sets. One involved the examination of the 
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series of final attained heights in adults for the effects 
of a secular trend (or trends), and is the primary analysis 
reported on in this thesis. A second analysis was 
undertaken to augment the primary series of adult heights, 
with a smaller series reporting on the 15-year interval 
between original observations (taken as 1892 for the Boas 
data set and 1907 for the Walker set). This latter analysis 
was performed utilizing children aged 6-11 years of age. 
The methods utilized to test for a secular trend in the 
adult series will be described first, with the methodology 
employed for the analysis of child heights reported on 
afterwards. A comparison with available contemporary White 
standards (Fogel 1986; Steckel, 1986, 1987) will be made in 
a later Results section (Chapter IV), as will a comparison 
with a modern Sioux population (Ship, 1964). 
Methods for the Analysis of the Adult Series of Heights 
As noted by Relethford and Lees (1981) and Himes and 
Mueller (1977), change in adult height over time can be due 
to two main factors : (a) the effects of aging on height 
with the compression of intervertebral discs and loss of 
muscle tone tending to decrease stature; and (b)discernable 
secular trends, where final attained stature may be seen to 
increase over time with the improving nutritional and health 
status of a population (to give an obvious example). These 
rela-tionships can also be influenced by differential 
migration and survival (Malina, 1979; Relethford and Lees, 
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1981) . These two main factors might be easily separated out 
if one were conducting a comparison of longitudinal studies, 
but as we are dealing here with cross-sectional data (i.e 
most individuals were measured only once or over a very 
limited span of time), a way of partitioning the effects of 
aging and secular trend on changes in adult stature is 
required. Since aging primarily affects stature through 
changes in the spinal column (Susanne, 1980), a way of 
isolating these changes has been suggested (Relethford and 
Lees, 1981). By using subischial length (here computed as 
the difference between standing and sitting height), as a 
reference presumably largely unaffected by aging factors (at 
least for its contribution to overall stature), one can 
regress stature on subischial length , and then regress the 
residuals on age. In such a manner it is possible to arrive 
at an estimate of statural loss due to aging, and using this 
estimate (the coefficients from the latter regression), 
adjust the stature in each case for the effects of aging. A 
more accurate assessment of secular trends can then be made. 
Since Walker ' s  measurement battery did not include 
sitting heights, the Boas data set was used to compute the 
aging coefficients for both samples. This would assume that 
the rate of statural loss would be the same or quite similar 
for the two populations. Using a SAS program (SAS 
Institute, Inc., 1985), subischial length was calculated as 
the difference between stature and sitting height for each 
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sex taken separately. When then used to adjust stature, 
subischial length will reflect the effects of secular trend 
alone on any changes seen in adult stature over time. 
Two regressions were performed on the adults within the 
Boas sample to arrive ·at an estimate of the aging effect on 
stature for both samples. First, stature was regressed on 
subischial length for all adults (sexes again being treated 
separately). The residuals from this procedure were saved 
and regressed on age to arrive at coefficients estimating 
the statural loss per year expected due to aging effects. 
The results of this latter regression are shown in Figure 9 
(males) and Figure 10 (females). As can be seen in the 
figures, the expected loss per year (in units of mm/year) is 
. 63100 for the males and . 61425 for females. These 
coefficients are then used to adjust stature to account for 
the effects of aging. This is done by creating the variable 
"adjusted stature": 
Adjusted stature = observed stature + b (age-30) 
where b is the expected rate of statural loss per year due 
to aging (as estimated above). This equation essentially 
standardizes each individual to age 30, to predict maximum 
stature for all individuals throughout the age range. 
A final (third) regression is then performed for each 
analysis where the adjusted values of stature (now corrected 
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effects of secular trend over the reported age range 
(Relethford and Lees, 1981). 
It should be mentioned that for the first two 
regressions above, used to estimate the aging effect on 
stature, the regressions utilized 646 adult males (here aged 
18 years and above) and 214 adult females (aged 18 years and 
above) form the Boas sample. While elsewhere in this thesis 
adults will be defined as individuals at or above 20 years 
of age, because of the small sample size of females over the 
age of 20 within the Boas sample (n=l81), it was thought 
advisable to expand this category to attempt to produce more 
reliable estimates for aging in females. It was noted that 
by excluding individuals under 30 years of age, Relethford 
and Lees (1981) obtained optimal results in their analyses. 
However, their results for a finding of secular trend were 
not essentially changed when all males (aged 16 and older) 
within their sample were utilized to obtain a correction for 
aging. An explicit test of this proposition was carried out 
on the 420 adult males from the Boas sample that were 30 
years of age or older. The coefficient arrived at in this 
test regression was substantially different than the one 
derived above; an estimate of 1.065 mm/yr loss due to aging. 
However, subsequent analyses failed to discern a 
statistically significant secular trend for Boas males when 
utilizing this larger correction factor. That the two aging 
coefficients for Boas males were notably different would 
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suggest that in the younger ages (18-30) there may have been 
some continued growth as younger adults. This inclusion of 
younger adults may then introduce a curvilinear relationship 
of stature with age, where the relatively shorter statures 
of these young adults would act to pull the regression line 
downward. Again, this does not affect the results of the 
assessment of secular trends in this analysis, similar to an 
outcome reported by Relethford and Lees (1981). 
To attempt to alleviate some of the problems of 
continued growth after age 18, most subsequent analyses for 
secular trend will define adults as ages 20 or above. The 
exception was for an analysis of Boas females, where it was 
feared that a distribution may have been truncated if the 
adult age was taken as 20 rather than 18. 
It should be remembered that the above regressions 
assume linear relationships. Heterogeneity in the data for 
the secular trend (involving the last regression) was tested 
by creating a variable called "decade of birth .. " This was 
meant to track, in a coarse manner, secular changes over the 
reported time span (chiefly 1820-1880) that might not be 
linear, for each birth cohort. Tests of significant 
differences between the reported decades of birth were then 
performed for each sex and each data set just as for the 
regressions for secular trend, utilizing an ANOVA model 
(analysis of variance) with each decade as a treatment 
class. Decade of birth was created by subtracting age from 
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the respective date of observations (again either 1892 or 
1907) to arrive at a date of birth. From each individual 
date of birth 5 years were subtracted and then this number 
was rounded to the nearest decade. For example, a 21  year 
old Oglala Sioux Indian in the Walker sample would be placed 
within the 1880 decade of birth, a 58 year old within the 
decade 1840, etc. 
All of the above regressions were performed using 
Statistical Analysis Systems (SAS) packaged programs (SAS 
Institute, Inc., 1985), prin_cipally utilizing the PROC GLM 
(General Linear Models) procedure. 
Sample sizes for the adult analysis are as follows: 
for the initial regression of adjusted heights by age: 
Walker males, 222; Walker females, 190; Boas males, 602; 
Boas females, 214. (Again, the latter group of females is 
taken as 18 or older.) For the analysis of secular trend by 
decade of birth (age cohorts), the samples are mostly the 
same, but may vary slightly due to computed corrected 
totals, and Boas females are taken at age 20 and above 
(n=181). 
Methods for the Analysis of the Child Series of Heights 
The sample of the Boas data set utilized in the 
analysis of child heights consists of measurements on 79 
children aged 6-11 years of age. This age range was chosen 
in order to make comparisons between the two historical data 
sets more tractable, as this span in considered a time when 
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the height attainment curve can best be described by a 
straight line for both sexes (Tanner, 1978). The sexes were 
pooled for this analysis primarily in order to obtain an 
adequate sample size for the Boas sample. This was 
necessary to ensure that a robust test for secular trend 
(viz. Walker's Sioux children) could be made. It is 
recognized that such a procedure will increase the variance 
within the age categories (Tanner, 1986), but this is 
unavoidable and could not be corrected for due to the fact 
that the Boas sample for children is not large enough to 
provide robust estimates otherwise. Again, as in the adult 
analysis, each child's recorded stature was employed in the 
analysis, with height as measured (cm) being converted to 
the nearest millimeter. 
The sample of children from the Walker data set 
utilized 638 children, aged 6-11 years of age. Again, most 
of these children would be identified as Oglala Sioux, with 
a number of these "measures" being actually remeasures of 
the same children taken a year apart. As noted elsewhere, 
this is not seen as affecting the results reported on in the 
next chapter. (It should be noted that most of the 
measurements recorded within the Walker data base bear the 
date of 1906 or 1907, indicating that few individuals were 
measured in 1905. ) 
Both data sets (Boas and Walker) were combined in order 
to perform the analysis. As with the statistical operations 
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performed on the data, this concatenation was achieved 
utilizing SAS statistical programs (SAS Institute, Inc . ,  
1985), with the principal procedure being PROC GLM (General 
Linear Models) . Two regressions were performed on this 
combined data set. In order to discern if a secular trend 
had occurred within the roughly 15-year interval between the 
dates when the two original data sets were measured (1892 
for the Boas set and 1907 for the Walker set), a test for 
the equivalence of slopes and for means was carried out-­
comparing the Boas children with the Walker children . Using 
a GLM procedure with a model of: 
Model: Standing Height = Age Group Age x Group 
a test of slopes was first executed, and then a test for 
equivalence of means between the two groups. The removal of 
the interaction term from the regression enables this test 




RESULTS AND DISCUSSION 
In keeping with the format established in the previous 
section, I shall first discuss the results of the adult 
analyses for secular trend, with a consideration of th� 
analysis of the child series of heights following this. 
Finally, some comparisons will be made utilizing available 
19th century White American and European standards for 
height attainment, with a mention of seemingly the only 
accessible data for "modern" Sioux heights (for children). 
Results of the Analyses of Adult Sioux Heights 
for Secular Trends 
In considering the results of the two sets of analyses 
performed on the two adult height series (Boas and Walker), 
the results of the basic regression test for a secular trend 
will be discussed first, with comment about the second set 
of tests of significance utilizing age classes of birth 
cohorts (by decade of birth) in an analysis of variance 
(ANOVA) following this initial examination . . 
The results of these initial regressions will be 
presented with the outcome of the statistical tests for the 
significance of the regressions displayed preceding the 
scatter plots for each regression. These tests are 
essentially reproduced directly from the output of the SAS 
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(SAS Institute, Inc. , 1985) PROC GLM procedure, which 
displays the results of each regression in an ANOVA format. 
PROC GLM was utilized, as was the F test statistic for Type 
III sums of squares, due to an unbalanced design (although 
it should be recognized that Type I and III sums of squares 
are the same with only 1 effect in the model). Again, all 
regressions were performed using adjusted heights, which 
corrects each reported height for the expected rate of 
statural loss per year by adjusting each individual to age 
30, to predict maximum stature. It should also be noted 
that a total of 12 outliers were removed from the entire 
sample of adults utilized in the present analysis. 
In the basic test for a long term linear secular trend 
of any kind (negative or positive), only one sample of 
Sioux, Walker males, showed any significant trend. As the 
ANOVA table in Figure 11 shows, the Walker male Sioux 
sample shows a slope of -. 857 mm./yr (p<0. 001), which as 
shown in the plot supplied in Figure 12, gives this group a 
positive secular trend (remembering that a negative slope in 
this instance is due to greater adjusted heights at younger 
ages) . This would indicate that Oglala males born in later 
years (roughly 1860-1880) tended to be taller than 
individu·als born earlier in the century, something one might 
expect from a typical "Western" industrial situation (for 
White Europeans). This rate of 8.57 mm per decade is 
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growth, noting height increases of 1-2 cm per decade for 
several Western nations since the late 19th century (Tanner, 
1981; Van Wieringen, 1986). 
All other regressions failed to find any significant 
(again at a probability level of p<0.05) secular trends. The 
results of these tests can be seen in Figures 13 and 14 (for 
Walker ' s  sample of adult females), Figures 15 and 16 (for 
Boas adult males) and Figures 17 and 18 (for Boas adult 
females). No regression lines are drawn for the scatter 
plots that proved to be non significant (all samples except 
Walker ' s  adult males). 
Again, it should be noted that for this test only, 
Boas ' adult females are taken from 18 years of age due to 
the small sample size and the fear that the distribution of 
heights might have been truncated otherwise. However, an 
earlier independent analysis has shown that the results for 
the regression analysis is unchanged utilizing either age 18 
or 20 as the benchmark for adult status. All plots were 
generated using a PROC PLOT procedure in SAS (SAS Institute, 
Inc. , 1985), and if examined as they appear in the text 
(with the Y axis "Adjust" facing towards you), they show the 
height distributions for the various samples so that a 
better assessment of normality can be made. While it is 
true that only the sample with the largest sample size (Boas 
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satisfyingly normal distribution, it can be seen that all 
the samples utilized do approximate normality. 
The second examination of the adult height series for 
secular trends involves the creation and use of 10 year age 
cohorts (by decade of birth) and tests of significance to 
see if the means of any cohort differs significantly from 
others, within each sample. Again, as with the basic 
regressions for secular trend there are four tests made {one 
for each sample), here utilizing an ANOVA from the 
regression of adjusted stature on decade of birth. It was 
hoped that these tests {and the plots resulting from them) 
would reveal s�me possible non linear trends within the 
height samples. The results will be presented in a slightly 
different manner than those seen above. As in the above 
analysis, the outcome of the statistical tests of 
significance will be shown first. Again the null hypothesis 
tested was that there were no differences {p<0. 05 ) among the 
means of the various decades, within each sample. Following 
the display of the results of these statistical tests {much 
in the same manner as above), a tabular display of the 
adjusted mean heights {"ADJUST"), the actual mean 
{unadjusted) standing heights {"STDHT"), as well as the mean 
age {"AGE"), and mean date of birth {"DOB") within each age 
cohort {by decade of birth, "DECB") can be found for each 
sample or test. Variances and standard deviations for each 
cohort mean are also shown. Following these, plots showing 
119 
the trends resulting from the use of these age cohorts will 
be shown. However, when tested, the trends displayed for 
most samples were not found to be statistically significant. 
For all the present tests all adults were taken at age 20 or 
above. 
In only one sample of Sioux were significant 
differences found between the adjusted mean heights by 
decade of birth. As in the previous analysis it was the 
Walker adult males. This can be seen from Figure 19, which 
shows that the probability that the F value is due to chance 
is p<0.001. Figure 20 gives the data from which this test 
on Walker's Oglala males and the following plot (Figure 21) 
were constructed. The regression line as well as the plot 
in Figure 21 (and subsequent plots) were generated using a 
SAS Graph program (SAS Institute, Inc., 1985). All 
subsequent plots showing non statistically significant 
differences are shown with a spline connecting the means by 
decade of birth for each sample. Although no other sample 
displays statistically significant results, the graphs for 
these other samples may nevertheless reveal some consistent 
tendencies that might prove useful for later interpretation 
when considering the historical record. The results of 
these latter tests can be seen in Figures 22, 23 and 24 (for 
Walker adult females), Figures 25, 26, and 27 (for Boas 
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statistical test for significant differences between the means of 
adjusted stature by decade of birth for Walker adult females. 
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These results showing Walker's Oglala Sioux males to 
have significant differences between height means for 
successive age cohorts would tend to encourage confidence in 
the previous finding for a secular trend within this sample. 
A possible anomalous result from this test might be seen 
upon visual inspection of the plot of female adjusted mean 
heights by decade of birth for the Boas sample. Although 
the sample sizes for the early age cohorts are admittedly 
small, the approximately 3. 2 cm difference between the 1810 
and 1820 age cohorts should have proved to be significant 
(and almost certainly would have if larger sample sizes were 
involved). However, the test of significance utilized to 
determine if the differences between age cohort means were 
s�gnificant does weight by sample size. Thus, other 
anomalies to be seen in these plots of adjusted mean 
heights by decade of birth similarly involve very small 
sample sizes for early age cohorts, and should not be seen 
as representing important trends within the samples, nor 
should they unduly affect the results of these tests. 
As mentioned previously, another anomaly was noted when 
the Boas data set was compared to the Walker set, that of a 
possible bias within the Walker data set. The larger sample 
sizes created in the above procedure where height means by 
decade of birth are generated allows for a more robust test 
for significant differences (among these 10 year age 
cohorts } between the two data sets. Tests on the adjusted 
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stature means for comparable decades of birth were carried 
out to see if the adj usted means were statistically 
different between the Walker and Boas sample sets. Where 
feasible these tests were conducted using a Z test. Student 
T tests were utilized when the numbers of individuals for 
either sample set fell below 40 for any of the comparable 
decades of birth (1830-1870 for males and 1840-1870 for 
females). The T or Z scores for the males (by decade) are : 
1830 T = 1. 88, 1840 T = 2. 0, 1850 Z = 1. 29, 1860 Z = 2. 31, 
1870 Z = 3. 73. Only the last two scores for the decades 
1860 and 1870 are statistically significant at p<0. 05 
(although 1840 does appear to be marginally significant 
also). The T scores for the females (by decade) are : 1840 
T = 1. 66, 1850 T = 1. 27, 1860 T = . 80, 1870 T = 3. 99. For 
the females, in only the last decade of comparison were the 
adj usted height means by decade of birth significantly 
different between the Walker and Boas adult samples 
(p<0. 05). Thus, it would appear that the observed 
differences between the Walker and Boas samples are only 
statistically significant at younger ages (this is again 
confirmed in the child analysis below). This, however, does 
not resolve the issue of a possible bias, but does add the 
possibility that these differences may be part of an effect 
of the secular trend observed in Walker males. This would 
still leave the difference observed between the two adult 
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female samples for the decade of 1870 to be interpreted in 
some other manner. 
Results of the Analyses of Sioux Children 
Aged 6-11 for Secular Trend 
The results of the analysis on the child series of 
heights essentially involves the results from two 
regressions on a sample of children (aged 6-11) from each 
data set, with pooled sexes. The sample sizes, variances 
and means utilized for these two regressions are supplied in 
Figures 31 and 32. Again, for an examination of the roughly 
15-year interval between the dates when the Boas and Walker 
data sets were generated (1892-1907 respectively), the two 
child samples were combined and a test for the equivalence 
of slopes and for means between the Boas children and the 
Walker children was carried out. The null hypothesis was 
that there were no significant (p<0.05) differences between 
the Walker and Boas child samples for either slopes or for 
means (Ho: b1=b2) •  A finding for significantly different 
slopes between the two samples for heights within the given 
age range would suggest that the rate of change or tempo of 
growth was different between the two samples, suggesting a 
secular shift in height. This would be further supported by 
a finding for a difference of height means between the Boas 
and Walker child samples. As in the adult analysis, the 
statistical tests were carried out using a PROC GLM 
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Boas and Walker Sample of Children Aged 6-11, With Pooled Sexes . 
procedure in SAS (SAS Institute, Inc., 1985) and are 
essentially reproduced directly as Figures 33, 34, and 35. 
The regressions were performed using actual heights (as 
recorded), and will again utilize the F test statistic for 
the Type III  sums of squares due to an unbalanced design. 
As can be seen by referring to Figure 33, the null 
hypothesis of equivalence of slopes cannot be rejected. 
This is reported by the F test on the inclusion of the 
interaction term in the regression model coding for GROUP 
(either "Boas" or "Walker"). Therefore, a plot of both 
child samples would best be described by a single slope, and 
we can accept the null hypothesis. 
In the test of the null hypothesis of the equivalence 
of height means between the two child samples, the adjusted 
means (controlling for age) proved to be significantly 
different (Figures 34 and 35) and the null was rejected. 
Again, by referring back to Figure 32, one can see that 
this is primarily due to the consistently high means for age 
to be found in the Walker children. This difference usually 
ranges from about 2 0  mm to 4 0  mm above the Boas child means 
for height by age (except for age 6 where Boas means are 23 
mm higher than those for the Walker children) . One can also 
note the result of the regression of height on age . from the 
covariance analysis (Figure 34), which shows an average 
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Figure 35. Least squared means test for significant 
differences between the means of the Boas and 
Walker group of children (aged 6-11). 
14 1 
Although it is tempting to interpret this latter result 
as providing some sort of evidence for a secular trend, the 
general impression relayed by these tests is equivocal. An 
unambiguous finding for a secular trend is thus not 
possible. It does not appear that a different rate of 
change can be discerned from this analysis, though it 
possibly indicates that the entire growth profile for 
Walker's children is shifted upwards, as has been suggested 
by Fogel et al. , (1983) in a different context. However, it 
should be recognized that these results do not necessarily 
mean that a secular trend could not have occurred within 
this time span. It is entirely possible that the growth 
differential required to produce taller Walker children 
could have occurred prior to 6 years of age. Again, the 
unresolved status of a possible bias within the Walker 
sample does make interpretation much more difficult. 
Stature Comparisons With Other Populations 
As noted previously, it has long been observed that the 
Sioux were a relatively tall population when compared to 
White Americans or Europeans. This was recognized by Franz 
Boas soon after his initial survey was undertaken (Boas, 
1894), and was commented upon by Sullivan (1920) as well as 
Wissler (1911). This latter researcher made an extensive 
comparison of Walker's sample of Oglala children with a 
contemporary sample of White children (ca. 1904) for ages 6-
14 2 
17. Wissler (1911) found that for almost every 
corresponding age, Walker's Oglala children (male and 
female) were absolutely taller than the contemporary Whites. 
This was true even given the partition of the Walker sample 
into Indian and "mixed" children, with the only exceptions 
being relatively small (Sl cm) and present in 3 "cells" of 
48 total comparisons. The magnitude of this difference 
between Walker ' s  Sioux Indian children and the White 
children was usually greater than 20 mm (2 cm), with only 6 
comparisons yielding smaller differences to Whites (besides 
the three cases where White children were taller). 
A similar result can be gleaned from an examination of 
Table 3, where a comparison is made with very favorably 
situated North American White children, as well as two 
Northern European groups renowned for their exceptional 
stature . These White comparative populations were gleaned 
from Steckel (1986, 1987) and represent a readily accessible 
source for contemporary (late 19th century) comparisons with 
the present two Sioux child height series. Despite the raw 
data having been "smoothed" by Steckel to overcome problems 
of age-heaping, the results are still broadly comparable to 
the less precise estimation of the centiles of modern height 
for the two Sioux samples, which were evaluated visually 
using a graph supplied by Tanner (1978). These were later 
cross checked with the cross-sectional standards for height 





Table 3 .  Sane Conterporary Historic Anerican am European Heights Expressed as Centiles of 
Modem Height Starrlards Attained fran Childhood to h:Je 18, Males arrl Females. a 
Boas ' SiooxC 
1891-1892 















35. 0  
50. 0 
60. 0 
25. 0  
30. 0  
35. 0  
30. 0  
20. 0 
20. 0  
15. 0 
15. 0 
25. 0  
70. 0 
25 . 0  
30 . 0  
25. 0  
(25. 0) 
25. 0  
20. 0  
25. 0 
25. 0  
40 . 0  
12. 0 












Male Female Male Female Male Female Male Female Male Female Male Female 
65. 0 
50 . 0  




25 . 0  
30 . 0  
25 . 0  
25. 0  
25. 0  





50 . 0  
50 . 0  
65. 0 
50 . 0  
35. 0  
30. 0  
30. 0 
25 . 0  
35 . 0  
60 . 0  
50 . 0  
50 . 0  
14. 0 
15. 6  
15. 8  










23 . 0  
17 . 3  
17 .4 
16.4 
14 . 9  
13 .1 
12 . 3  
13 . 2  
12 . 2  
10. 9 
11. 5  
15 . 3  
18.4 
20 . 3  
21.1 
17 . 2  18. 7 
19 .8  17 . 5  
20 . 8  16. 3  
20. 7 15. 8 
19. 3 15. 6 
18. 7 16. 7  
16. 5  18. 7 
14. 3 17. 5 
11.8  15. 0 
9 . 1 15.4 
8. 9 20 .8  
19. 2 25 .8  
46. 6+29 . 1  
67 . 6+30 . 8  
15.8 17 . 2  
14 . 5  15 . 2  
14 . 6  14 . 8  
13 . 9  13 . 8  
12. 4 12 .1  
11. 9  11. 0  
10 . 9  11. 0  
10 . 3  9 . 2  
9 . 9  8. 2 
8. 6 10. 6  
7. 9 18.1 
9 . 6  25 .1 
20 . 3  29 . 6  
28. 1  -
10. 7 18. 9  
10 .4  14 . 1  
9 . 5  10 . 7  
8.1 7 .8 
7 .4 6. 0 
6. 3 5. 5 
5. 5 3 . 6  
4 . 9  2 . 7 
4 . 0  4 .4 
3 . 8 12 . 9  
6. 6 27 . 0  
14 . 7  
21. 9  -
42 . 4  23 . 4  
35 . 5  20 . 7  
28. 0 18. 2  
22 . 2  15. 3 
17 .8  13 . 1  
13 . 1  12 . 2  
9 . 5  9 . 5  
6. 6 7 . 8  
4 . 0  10. 2  
2 .8 18. 9  
4 . 8 28. 5 
13 . 8  35 . 2  
24 . 0  38. 8  
a " M h i t e "  c o m p a r i s o n s  a r e  f r o m : S t e c k e l , R .  H .  ( 1 9 8 7 ) .  G r o w t h  d e p r e s s i o n a n d r e c o v e r y :  t h e  
r e m a r k a b l e  c a s e  o f  A m e r i c a n s l a v e s . A n n a l s  o f  H um a n  B i o l o g y ,  1 4 :  1 1 5 - 1 2 5 .  V a l u e s  a r e  s m o o t h ed ,  a nd 
t h e  m o d e r n  s t a n d a r d s  S t e c k e l  u t i l i z e d  w e r e  f r om  T a n n e r ,  J . M .  e t  a l . ( 1 9 6 6 ) . S t e c k e l • s  s m o o t h e d  v a l u e s  w e r e  c e n t e r e d u p o n  h a l f  ye a r s  ( 5 . 5  e t c . ) ,  t h e s e  w e r e  t a k e n a s  w h o l e  
i e a r s  ( 5 . 5  b e c o m e  5 ,  e t c . ) .  S m a l l s a m p l e  s i z e s  ( n < 5 ) w e r e  p r e s e n t  f o r  a g e s  5 a n d 6 ( w h i c h w e r e  e x c l u d e d ) a n d a l s o f o r  1 1  y r . 
o l d  g i r l s  ( n = 2 ) .  F o r  b o t h  S i o u x  g r o u p s , c o n s e r v a t i v e e s t i m a t i o n s  o f  m o d e r n  c e n t i l e s  w e r e  m a d e  
v i s u a l l y  u s i n g T a n n e r  ( 1 9 7 8 : 1 6 9 - 1 7 0 ) . E x a c t  s a m p l e  s i z e s  f o r  b o t h  S i o u x  g r o u p s  i s  a v a i l a b l e  i n  
� p p e n d i x  A .  
N a t i v e b o r n  p a r e n t s .  e v a l u e s  f o r  1 7  a n d 1 8  ye a r  o l d  m a l e s w e r e  t a k e n  f r o m  a d u l t s d u e  t o  t h e  s m a l l s a m p l e s i z e f o r  b o t h  
a g e s ·  ( n = 7 ) . N a t i v e b o r n  p a r e n t s .  N = 8 7 6 t o t a l ,  a l l o t h e r  W h i t e s a mp l e s h a v e  p o p u l a t i o n s  n > 2 0 0 0  
i n d i v i d u a l s  f o r e a c h  s e x . 
625-628). While it is true that the Boas sample of children 
by sex for ages before 11 years all have cell sizes of 
under 10 individuals (height by age and sex), this does not 
detract from the consistently higher centiles seen 
throughout the entire age range for both sexes. The 
Swedish children represented the tallest group presented by 
Steckel (1987), with the data on Toronto school children 
possibly the largest historical sample of children available 
(n=88, 449 total) (Boas, 1898). Like the comparisons 
Wissler (1911) made with his sample of Walker's Sioux 
children, it does seem readily apparent that the Boas sample 
of Sioux children were taller than most groups of American 
and European Whites. We therefore can be reasonably 
confident, even given some uncertainty about a possible bias 
within the Walker sample, that the clear trend represented 
by the Sioux children in both samples is one of quite 
exceptional stature for most ages within the height by age 
profile. 
Much the same pattern can be observed when a comparison 
of the two samples of Sioux adult males (by decade of birth) 
is made with a sample of contemporary native-born American 
White males supplied by Fogel (1986) . These comparisons can 
be seen in Table 4, and show that both samples of adult male 
Sioux exceeded the White mean heights for both adjusted and 
unadjusted means by 1850, and continued to exhibit a taller 




Table 4 .  A catparison of Sioox Adult Male Mean Heights by Decade of Birth with a Cont:enl)Orary White 
Arrerican San'ple of Native Born Adult Males (all heights in centimeters (an] ) . 
Walker's Sioox (Oglala) Boas ' Sioox Fogel ' s  White Americansb 
Adjusted Unadjusted Adjusted Unadjusted 
Year or Decadea Heights Heights Heights Heights Unadjusted mean heights 
1820 ---- ---- 171. 89 169 . 57 172 . 9  
1825 ----- --- ---- ---- 173 . 1  
1830 ----- --- 173 .38 171. 68 173 . 5  
1835 ---- 173 . 1  
1840 174 .74 172 . 78 172 . 67 171. 60 172 . 2  
1845 ------ ---- --- ---- 171. 6 
1850 173 .36 171. 92 172 . 65 172 . 18 171. 1 
1855 --- --- --- --- 170 . 8  
1860 176 . 81 176 . 01 173 . 78 173 .95 170 . 6  
1865 ---- --- ---- --- 171. 1 
1870 175 .73 175 . 60 171.48 172 . 06 171. 2 
1875 ---- --- ---- --- 170 . 7  
1880 176 . 16 176 . 53 ---
1882 ----- ---- ---- 168 . 9  
aFor all Sioox sample size n>lO . Only Fogel ' s  Whites utilized a five-year birth cxilort. 
hsrurce: Fogel, R.W. (1986) . Nutrition arrl the Decline in M::>rtality Since 1700 : Saoo Additional 
Preliminary Fiminls. NBER Workirg Paper No. 1802 . ambridge, MA: National Bureau of F,conanic 
Research, p. 144 .  As this data was catpiled fran military CX)nscripts, only males are available. 
series would continue this trend (1870-1880 onwards). The 
high relative stature for the Whites at earlier decades is 
recognized as remarkable and very unusual, and indicates 
that modern stature was achieved early in American history 
(Fogel et al., 1982; Fogel, 1986). Although these early 
(White) American mean heights are quite similar to those 
reported on for World War II  American (White) conscripts, 
Fogel (1986) reports on a secular decline in the final adult 
heights of native born Whites after 1830, with a secular 
increase only occurring sometime after 1890. The much 
larger sample sizes available from military conscript rolls 
allows for a considerable greater degree of fine grained 
analysis and control for this sample of White American 
males; hence, Fogel et al. (1982) do not correct for aging 
effects. However, this should not prevent a comparison of 
adjusted heights for the Boas sample with the mean heights 
of the Whites for earlier decades. When such a comparison 
is made, the values for the decades 1830 and 1840 are seen 
to be fairly similar. Again, as with the child series, 
Walker's Sioux sample shows mean heights by decade of birth 
that are absolutely taller than the White means for every 
decade reported. 
A determined search was made in the hope that a 
comparable modern sample of Sioux heights could be found, 
but the only study or survey located (Ship, 1964) reports on 
children only, with the raw data being lost or unavailable. 
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While a rigorous test for a possible secular trend with the 
children of the Walker or Boas sample and Ship's "moderns" 
is thus not possible, a limited test of means for height for 
age can be made nevertheless. Because of the greater sample 
sizes, it was decided that the Walker sample of Sioux 
children should be used. It was also noted that Ship's 
sample was comprised mainly of children from the Teton band 
(Western division) of Sioux. 
The results of these tests between the Walker sample 
(1906-1907) of children and those reported on by Ship 
(measured from 1959-1962), can be seen in Table 5 (boys) and 
Table 6 (girls). Student T tests were used to determine 
which height means by age were significantly different 
between the two samples, and these are marked with an 
asterisk. As can be seen from an examination of Table 5, 
there does not appear to be a consistent trend to be seen 
throughout the entire age range (6-17) for boys. However, 
Ship's Sioux were significantly (p<0. 05) taller (in mean 
heights) in 6 of the 9 ages where significant differences 
were found. This is particularly true for later ages (14 -
17), which would come at a time after a growth spurt in 
boys. In only three of the ages studied were Walker ' s  
Oglala Sioux boys definitively taller than Ship's Sioux 
boys. Of the total (non significant and significant) 
comparisons, Walker's Sioux exceeded Ship's in only 4 out of 
12 cases. While not wholly unambiguous, one would be 
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Table 5. A Ccq>arison of the Mean Heights of Boys Within the Walker 
Semple (1906-1907) with a Modem Semple of Mainly Teton Sioux 
Boys fran South I:akota Schools (1959-1962) .a 
walker' s Ship' s  Difference D. F. S.E. ,fb 
Sioux Sia.JX X1-X2 values 
1,ge Mean Ht (mm) Mean Ht (mn) (mn) 
6 1146.360 1233. 932 -87. 572 31 20.445 -4.283* 
7 1229. 897 1272. 032 -42. 135 69 16. 603 -2. 538* 
8 1299. 063 1258.316 40. 747 113 10. 170 4. 007* 
9 1323. 672 1321. 054 2. 618 112 7. 629 0.343 
10 1370.281 1384.300 -14. 019 118 8.347 -1. 680 
11 1417. 825 1388. 110 29. 715 110 9.238 3.217* 
12 1455.395 1473. 708 -18.313 72 11.277 -1. 624 
13 1497.256 1466. 088 31. 168 72 10. 834 2. 877* 
14 1551. 692 1611.376 -59. 684 49 19. 064 -3. 131* 
15 1618.333 1674.368 -56. 035 49 12.323 -4. 547* 
16 1663. 600 1779. 778 -116. 178 45 12. 762 -9. 104* 
17 1701. 166 1731. 518 -30.352 34 13.296 -2.283* 
�em carparisons are fran: Ship, I.I. ( 1964) • Relationships of 
Dental caries, Tooth Eruption arrl Growth. Unp.lblished M. S. 'Ihesis, 
University of Pennsylvania, Dept. of Preventive Medicine, Sdlool of 
Medicine. 
br values with an asterisk after them are significant at p<0 . 05. 
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Table 6. A canparison of the Mean Heights of Girls Within the Walker 
Sanple (1906-1907) with a Modem Sanple of Mainly Teton Sioux 
Girls fran Sa.Ith O:lkota Schools (1959-1962) .a 
walker ' s  Ship ' s  Difference D. F. S.E. i5 
Sioux Sioux X1-X2 values 
Age Mean Ht (nm) Mean Ht (nm) (nm) 
7 1215.281 1223.264 -7. 983 79 12. 891 -0. 619 
8 1262. 810 1275. 842 -13. 032 101 10. 779 -1.209 
9 1341.392 1295.400 45. 992 103 12. 010 3. 830* 
10 1369. 769 1397. 000 -27.231 100 8.360 -3.257* 
11 1404. 133 1436. 116 -31. 983 92 9. 776 -3.271* 
12 1472 . 104 1476. 248 -4 .144 84 8.631 -0.480 
13 1523. 966 1535. 176 -11.210 73 14. 693 -0. 763 
14 1569.286 1577. 594 -8.308 54 16. 059 -0. 517 
15 1593.658 1593.342 0.316 50 11. 422 0. 028 
16 1627.429 1600.200 27.229 61 11. 556 2.356* 
17 1628.385 1608.328 20. 057 51 11. 417 1. 757 
�em cxmparisons are fran: Ship, I . I .  ( 1964) • Relationships of 
Dental caries, Tooth Eruption am Growth. Unp.iblished M.S. 'lhesis, 
University of Pennsylvania, Dept. of Preventive Medicine, SchCX)l of 
Medicine. 
br values with an asterisk after them are significant at p<0. 05. 
150 
justified in suspecting that the differences observed 
within these two samples of Sioux boys may be due to a 
secular increase in mean heights between 1906-1907 and 
1959-1962 (the two dates of observation). 
The results of the analysis of the mean heights by age 
for girls between the two samples of Sioux are a bit more 
ambiguous. The significant differences found between the 
mean heights were evenly split, with each sample proving to 
be significantly taller than the other for 2 out of 4 
differences (Table 6). Again, this result is too equivocal 
to support a finding for a secular trend, and would 
seemingly indicate a condition of stasis in mean heights for 
girls over the reported time period. However, the overall 
impression one can glean from the table is a general trend 
for the modern Sioux girls to exhibit taller statures over 
the Walker sample, at least until age 15. 
Discussion and Interpretation 
An obvious place to begin any discussion of the 
possible trends within the height series reported on by this 
thesis should involve an accounting of the fact that only 
one group of the four adult samples of Sioux Indians showed 
any sort of statistically significant secular trend. Of the 
two adult height series analyzed herein (again with each 
sex treated separately), only the males of the Walker sample 
showed a positive secular trend in a basic regression test 
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for a linear trend, and significantly different height means 
by decade of birth in an ANOVA test of significance. 
Similarly, no conclusive evidence for a secular trend could 
be found between the two child height series reporting on a 
period of about 15 years (1892-1907). 
Such an examination necessitates a discussion of the 
concomitant trend in Sioux health status during the time 
span represented by the height series (again, roughly 1820-
1907). As noted by several researchers, a close 
interrelationship has long been recognized between secular 
shifts in growth and patterns of morbidity and mortality 
(Fogel, 1986; Malina, 1979; Van Wieringen, 1986). While it 
should be recognized that morbidity and mortality estimates 
are virtually impossible to be generated for most of the 
period represented by the Sioux adult height series (1820-
1880), certain trends can be discerned from available 
historical accounts. One of the most easily accessible 
sources reporting on such trends where comparisons by year 
can readily be made for most of the Sioux tribe are the 
various published winter counts (Higginbotham, 1981; Howard, 
1976). Taylor { 1977) has synthesized these accounts as far 
as reported epidemics prior to 1850 are concerned, and his 
results for the Sioux are essentially reproduced in Table 7. 
Using largely the same sources, I have extended the series 
to report on major epidemics occurring between 1850-1876. 
Only one additional outbreak was gleaned in this manner, 
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Table 7. A SUmmary of Epidemics Reported Within Various Sicux Winter 
Counts for the Period Prior to 1876, with O:ites am F.stimated 
Virulence.a 
late Postulated Disease am F.stilnated M:>rtalit}> 
1789-1799 st:reptocx:,cca Infection with high ioortality for pregant 
'WClnel'l .  
1800-1803 Smallpox, lbierate ioortality seen. 
1806-1814 Whoopirg Cough, ICM toortality. 
1818-1820 Measles am Whoopirg Cough, Moderate ioortality. 
1837-1838 Smallpox, It:,.,, toortality. 
1845-1846 Measles, lJ:M ioortality. 
1849-1850 Cholera am Smallpox, High Cholera, ioortality for groups 
alorg the Platte River (lJ:M ioortality otherwise) . 
1859-1860c Smallpox, Moderate to High. Fspecially high for children. 
�: Taylor, J. F. (1977). Socioatltural Effects of Epidemics on 
the Northern Plains: 1734-1850. Western canadian Journal of Ant::hrcp:>logy 
3: 55-81. 
bt.torta1ity codes fran Taylor (1977): ''High" . in:licates ioortality at or 
al:x,ve 25% of the pcpllation, "Medimn" or ''Moderate" in:licates ioortality 
for 10-25% of the pcpllation afflicted, am "I.ow'' in:licates ioortality at 
5-10% of the pcpllation. 
°l'aylor 's (1977) series has been extemed by present author usirg 
sources quoted in Taylor (1977) or Higginbotham (1981), Howard (1976). 
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those reported for the years 1859-1860. While such an 
examination cannot provide "differential" rates for the 
Oglala band in comparison to other Sioux bands, certain 
long term trends might be discerned if the record of these 
epidemics is compared with the patterning seen in the plots 
of adult adjusted mean heights by decade of birth (Figures 
21, 24, 27, and 30: pp. 123-132). 
Although the addition of the above information may not 
be readily interpretable as having certain effects upon the 
adult height profiles (by decade of birth) certain 
consistent trends can be seen in the data. However, I may 
remind the reader that these plots were generated for a 
test for differences among the means within each plot or 
sample. As reported on in the previous results section, 
only one of these samples proved to have significantly 
(p<0.05) different adjusted height means by decade of 
birth--the Walker adult male sample. Therefore, we are 
embarking upon a highly speculative enterprise, which 
nevertheless may reveal some suggestive patterning within 
the data. The reader is reminded that the decade of birth, 
1820 for example, essentially reports on the decade 1820-
1830, with the observation centered on a date of birth (DOB) 
that should represent the mean DOB's within the specific 
decade, often 1824 or 1825 to give an example. It should 
also be remembered that the Boas sample's composition 
represents all major Sioux bands, probably proportional to 
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population size at time of observation . This makes the 
interpretation of these plots (Figure 27 for the males: p .  
129 ; and Figure JO for the females: p .  132) still more 
difficult . It may be conceivable that for certain ages 
certain bands may be over or under-represented in the 
sample .  However, given that the observations on height are 
spread out over a decade, this problem should be alleviated . 
As the Tetons were more numerous (at time of observation, 
1891-1892) than any other division, and should have been 
included in the sample in greater numbers--an interpretation 
of these plots may not provide any straightforward results . 
(It is hoped that future research will enable the Boas 
sample to be disaggregated into the constituent Sioux bands 
represented within the sample, something that is not 
possible at the present time) . 
This said, we can now offer some speculative 
interpretations for the plots of adjusted mean heights by 
decade of birth for the Boas adult sample . It should be 
noted that certain trends are consistent between the two 
plots (male: Figure 27; Female: Figure JO) . Both plots 
show relative low nodes or troughs for the decades 1820 and 
1840 . 10 This is followed on both plots by relative high 
lO  It seems that through some programming error Figure 
JO, the graph of male adjusted mean heights by decade of 
birth for the Boas sample, is distorting the relative 
decline in mean heights for the decade 1820 . This should 
appear as a slight (2 mm) difference between the decades 
1810 (Adjusted height=1720 . 9  mm) and 1820 (Adjusted 
height=1718 . 98) as shown in Figure 29, p .  131 . No other 
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nodes for the decades 1830 and 1860. In light of the Sioux 
history presented in Chapter II, is there any way to 
interpret these consistent (if not statistical ly 
significant) trends? The only consistent interpretation for 
the low node of the 1820s might be the strife and disruption 
generated by the warfare with the Algonquian tribes in the 
Minnesota woodlands, as wel l  as a possible maternal affect 
on child heights as a residual effect of previous epidemics 
(1818-1820 in particular) (Fogel, 1986; Steckel, 1987) . A 
lack of ethnographic detail for this decade also hinders any 
c lear assessment. The relative ly higher mean heights seen 
for the decade 1830 could be interpreted as the 
establishment of significant numbers of Sioux in new 
territory (migration away from the Algonquians) ,  where game 
was more plentiful. Even for those Sioux who remained in 
Minnesota, strife between the rival Algonquian tribes seemed 
to abate as these Eastern division Sioux gradual ly moved to 
southwestern Minnesota and northwestern Iowa. Although some 
scarcity of game was noted in several areas, this had yet to 
become a very widespread phenomenon. The 1840s saw 
widespread hunger for many Sioux, as wel l  as the few reports 
of starvation we can glean from the ethnographic record. 
These reports mainly concern the Middle and Eastern division 
Sioux (the Yankton and Santee respectively) , and coincide 
plot of adjusted mean heights by decade of birth for the 
adult Boas or Walker sample shows any other similar distortions. 
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with a severe and continuing scarcity of game in the areas 
east of the Missouri River. This scarcity of game, 
particularly buffalo, was also noted west of the Missouri; 
however, the Teton bands that occupied this territory may 
have had more opportunity to range further west (into 
Montana and Wyoming) in search of more adequate supplies of 
game. The discrepancy seen between the male and female 
plots for the decade of 1850 is somewhat puzzling. The plot 
for Boas adult males shows a level of mean heights that are 
essentially unchanged from the mean for the 1840s. This 
would seem to fit better with the circumstances facing the 
Santee and Yankton Sioux during the 1850s. With the 
depletion of game from their territories east of the 
Missouri, most of the constituent bands within these 
divisions were further faced with increasing pressure from 
White settlers. These pressures forced the Santee to be 
placed on reserves by a treaty signed in 1851, with the 
Yanktons similarly following this fate in 1858. 
Ethnographic reports for this period clearly note the severe 
disruption and destitution these moves caused these Sioux, 
as well as continuing instances of widespread hunger and 
want before this early reservation period. 
The plots for Walker ' s  sample of Oglala adults (Figures 
21 and 24, p. 123 and 126, males and females respectively), 
also show a drop in mean adjusted heights for the decade of 
the 1850s. This trend would also reflect the general 
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"input" of the Tetons within the Boas sample for 1850. This 
downward trend possibly reflects a time lag in the severe 
consequences of the buffalo depletion within the traditional 
Teton Oglala ranges in South and North Dakota and Nebraska. 
Seemingly then, there cannot be offered a ready explanation 
for the anomaly represented by the trend seen in the adult 
females of the Boas sample (Figure 30) for the increase of 2 
cm between the low of 1840 and the higher mean for the 
1850s. 
Yet another trend within both adult series presents 
some difficulty in interpretation. Three plots--Boas adult 
males (Figure 27), Boas adult females (Figure 30), and 
Walker adult males (Figure 21)--all show high nodes for the 
decade of the 1860s. Yet as noted in the Sioux history 
provided above, this coincides with a period of intense 
warfare on the Northern Plains between the mainly Western or 
Teton Sioux and the U. S. Army. This would also correspond 
with the first initial decade on new reserves for both the 
Yankton (starting from 1859) and the Santee. These latter 
Sioux were transferred to Crow Creek in 1863 as a result o f  
the Minnesota outbreak of  1862, and many Santee are known to 
have died during their confinement there. All available 
ethnographic reports suggest that conditions on these 
reserves during these early years were quite desperate and 
that the Indians appeared destitute for the most part. The 
only conceivable explanation for this trend may be that the 
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Tetons had finally established themselves in the far western 
reaches of their traditional hunting territory (the Big Horn 
and Powder River Country of Wyoming and Montana), where the 
buffalo could still be found in abundance. Possibly the 
trends depicted within the Boas height series for this 
decade reflects a greater relative influence from the 
Tetons within the sample. 
Another common trend that can be seen for both Boas 
samples is a relative downturn for the decade of 1870, which 
would mark the beginning of the reservation period for at 
least one-third of the remaining Teton and Yanktonai Sioux 
with the signing of the Fort Laramie Treaty of 1868. This 
would be the occasion of severe dislocations and disruptions 
within the lives of these Sioux, and the beginning of their 
dependency upon the U.S. government for basic subsistence. 
This downward trend for 1870 also could have been 
contributed to by the unfinished growth of the 20 year olds 
within the Boas sample. This proposition was not 
explicitly tested given the equivocal results of an 
inspection of heights by age for the Boas sample (Appendix 
A, Figure A-1). 
It should be noted that for both the male and female 
plots for mean adjusted heights by decade of birth the means 
do vary within circumscribed limits. A 2 cm band can cover 
the 6 of the 9 means for the Boas adult male sample (Figure 
J O), with 2 of the extreme means being easily explained as 
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being caused by the low sample sizes for early birth cohorts 
(1790, n=l; 1800, n=2). The Boas female means by decade of 
birth for adjusted heights (Figure 30) can be described 
within a band of 2. 34 cm that would cover the 5 means after 
the decade 1830 ( 5  of the 8 total means). The early means 
for the decades prior to 1830 may be unduly affected by low 
sample sizes, and clearly due to the smaller relative sample 
sizes, the means reported on seem to be more variable than 
those appearing in the Boas male sample. 
The possible trends represented within the Walker 
sample of Oglala adults may not be as readily interpretable, 
even given the advantage of their homogeneous composition. 
What is unique about this sample is that although the males 
of this sample show both a demonstratable secular trend and 
a difference among means by decade of birth, the females 
show neither. This can be seen in Figure 24, which 
although the scale may be misleading, shows that the 5 
adjusted height means by decade of birth since 1840 can be 
described by a band of less than 6 mm. Even including the 
outlier representing one individual at 1830, the entire 
series of female adult heights can be described by a band of 
1. 8 cm, a much tighter spread of means than could be seen in 
the Boas adult male sample despite the latter's higher 
number of individuals per decade. 
By imagining a spline connecting the means for Walker's 
adult males (Figure 21) a few consistent trends can be 
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observed between these two plots of adjusted height means by 
decade of birth (Figure 21 for Walker adult males and Figure 
24 for Walker adult females).11 Two broad parallel trends 
can be seen: a decline in mean heights for the 1850s and a 
"recovery" from these levels in the 1860s (for males) or the 
1870s (for females). The decline seen in mean heights 
during the 1850s follows a common high node for the decade 
of 1840. While the total number of individuals represented 
within the decade of 1840 is quite small, these higher 
heights would generally correspond with predominantly 
favorable circumstances for the Oglala, at least during the 
early years of the decade. Seemingly, the scarcity of game 
noted by various ethnographic sources for this decade may 
not have yet become acute in the regions utilized by the 
Oglalas. They may have avoided shortages of game merely by . 
further encroaching upon their Plains neighbors to the north 
and west. 
The decline in heights seen for the 1850s may have a 
multiple cause. As noted by Hyde (1967) and others, this 
period saw a great influx of Whites traveling through Oglala 
territory, and along the Bozeman trail in particular. This 
has been cited by Taylor (1977) and others as the principal 
cause of the great epidemic of cholera seen for the years 
1849 and 1850. Sporadic outbreaks of smallpox and measles 
11 The regression line generated by SAS Graph (SAS 
Institute, Inc., 1985) in Figure 21 is done without regard 
for an intercept. 
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were also seemingly not uncommon for many years thereafter 
for this region along the Platte River. It is also 
conceivable that the scarcity of game and the disappearance 
of the buffalo from its former ranges was finally felt 
throughout most of the traditional range of the Oglalas and 
the Tetons during the 1850s. This would represent the 
common environmental deterioration that was first noted 
within the ranges of the Santee and Yanktons during the 
1840s. 
The "recovery" from these relatively low heights can 
clearly be seen for the decade of 1860 for the males in the 
Walker sample (Figure 21). From the height mean represented 
by the 1850s to the zenith represented by the 1860s, there 
is a difference of about 3.5 cm, a fairly substantial 
difference even given the possible sampling errors due to 
the relatively modest sample size for 1860 (n=65). As noted 
previously, this represents something of a paradox. One 
might expect that given the pressures of increasing White 
immigration, the depletion of game from former hunting 
lands, as well as continuing serious armed conflict with the 
U.S. Army (as well as sundry settlers), we might expect the 
sort of flat trend that is in fact exhibited by the Walker 
females (Figure 24). The present author cannot offer a 
satisfying "explanation" for this divergence. As noted 
above, it is conjectured that the recovery seen in the 1860s 
within the Oglala sample would indicate that these Sioux 
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(along with presumably many other Teton bands) had largely 
abandoned their former territory and were now ranging far 
beyond the Black Hills to secure adequate supplies of 
buffalo and other game. This recovery would indicate that 
for the Oglala at least, this quest was fairly successful. 
However, other Teton bands would have been similarly 
situated to enable them to exploit this opportunity. 
The high node seen for the decade of 1870 for Walker 
females (Figure 24) may also reflect this relative abundance 
within the sanctuary of the Big Horn and Powder River 
Country of Wyoming and Montana, as this could still 
represent a pre-reservation period (<1876) for many Oglala. 
However, the Oglala males are seen to decline slightly for 
this decade before leveling off (with only a small increase 
in heights) for the decade of 1880. Walker females show a 
decline for this latter period, but this may be hard to 
interpret given that the males show an essentially opposite 
trend. 
Again, it should be mentioned that the above discussion 
is fairly speculative, and is meant to provide an 
impressionistic accounting, if at all possible, of the 
putative trends or patterning (statistically significant or 
not) within the time series represented by the adult 
heights within the two samples. It is recognized that such 
trends or patterning may be highly influenced by random ' 
variation, particularly for the age cohorts with small 
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sample sizes. In this regard one can remain very skeptical 
about any non random trends that might be seen for Walker's 
sample of adult females, given the overall static nature of 
the trend in heights over time. 
Disease and Sanitary Environment 
If only vague generalizations can be provided to 
describe the disease and sanitary environment faced by the 
Sioux during the pre-reservation or very early reservation 
period, the conditions experienced for the last two decades 
of the 19th century can be reasonably well-documented. 
While it is true that the disease statistics tend to be 
highly variable, as are the estimates of mortality made by 
the agency physicians assigned to each reservation by the 
Indian Office (Allen 1975; Putney, 1980), a clear enough 
depiction of reservation life can be gleaned from the 
Annual Reports to the Commission of Indian Affairs (C.I.A.) 
so that certain conclusions can be drawn. 
From a review of these reports by year from 1882-1892, 
it should be immediately apparent that the Sioux on the 
reservations would today be recognized as living in 
conditions that are . quite similar to a "third world" 
(health) context. There are good reasons to suspect that 
the morbidity and mortality faced by these Indians was in 
excess of even the fearsome rates seen for contemporary 
urban slums in the U.S. Mortality and morbidity figures 
provided within these year-end summaries were compiled as 
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monthly sanitary reports that were required to be filed with 
the Indian Office in Washington, D. C. From these figures 
for mortality by reservation, comparisons can be made with 
estimates made from the U.S. census on comparable mortality 
figures for Whites during the same period. 
Consistent and "reasonable" figures for crude mortality 
(simply mortality per year as expressed per 1, 000 
individuals of a population) for all Sioux reservations 
range from the mid to high 30s to the mid to high 40s per 
1, 000 living population (3 5+/ 1000-45+; 1000). The figures 
for some of the larger reservations would occasionally yield 
estimates of crude mortality rates slightly higher than 
these (low sos per 1, 000), with the Sisseton and Santee 
occasionally enjoying slightly lower rates (low 30s to high 
20s per 1, 000 individuals) for some years. Persistent 
problems of under-enumeration of deaths were obvious to even 
the agency physicians of the time, who noted that it was 
impossible to attempt to provide adequate medical care for a 
population that might be spread over 100 miles, as was (and 
still is) common on some of the larger reservations. over 
counting of deaths might be seen in some instances where the 
death of a child or infant was not discovered for some time, 
and would be carried over to a following year. Problems 
could also be engendered by a physician leaving before his 
term expired, thus leaving the statistics to be sorted out 
by his successor. 
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While comparable mortality statistics for Whites within 
South Dakota are impossible to come by due to the fact that 
most states west of the Mississippi River did not achieve a 
system of death (or vital) registration until well after 
1900 (Condran and Crimmins, 1979), certain general 
comparisons can be made. The Sioux clearly display an 
aggregate (total) mortality rate that is 1. s-2. s times the 
most favorable comparisons with Whites possible for the year 
1890; that with urban areas known to exhibit a higher 
mortality rate over rural areas (Condran and Crimmins, 
1980). As all of the reservations were located in rural 
areas, a more reasonable comparison with similar rural areas 
in eastern death registration states would show that the 
mortality experienced by the Sioux may have approached a 
level of 3 times that of Whites in some instances (compare 
with the weighted average of 18. 2 deaths per 1,000 for rural 
Whites in 1890) (Condran and Crimmins, 1980). 
Infant mortality is also a very good indicator of a 
population's general health status (Martorell and Habicht, 
1986). Very few agency physicians offered any sort of 
breakdown necessary for a comparison of specific death rates 
by age (the few who did generally partitioned deaths as 
under 5 years and over 5 years) . However, in 1907 Dr . 
Walker ( C . I . A. ,  1907: 18) provided estimates for the 
(Oglala) average annual infant mortality rate for 11 years 
(since 1896), as 236. l per 1,000 for full blood Indians, and 
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145. 4 per 1, 000 for "mixed bloods." This would yield a 
weighted average of about 215.3 Indians per 1, 000, which is 
elevated by similar amounts as seen above over comparable 
White figures for 1890 (rural weighted average: 154. 2 
deaths per 1, 000), and 1900 (135. 8 per 1, 000) (Condran and 
Crimmins, 1980). However, it should be noted that for 1890, 
Condran and Crimmins (1980: 184) calculate a weighed 
average (to correct for under-registration) of 251. 2 infant 
deaths per 1, 000 for urban areas, which was seen to decline 
rapidly by 1900, but still was present as rates in excess of 
the 1890 average for rural areas (generally above 135.5 per 
1, 000 individuals). In all the above comparisons, infant 
deaths are those occurring under 1 year of age. 
The static nature of the health and living standards 
for this Oglala population on the Pine Ridge reservation is 
also indicated by the relatively high mortality rate at 1916 
of 37 aggregate deaths per 1, 000 population, and a higher 
percentage of total deaths occurring to Oglala infants (a 
total of 27.2) for the period of 1910-1915 than was seen for 
any comparable White group at 1900 (Wissler, 1936; Condran 
and Crimmins, 1980). 
While it appears foolhardy to the author to attempt to 
make sense of the highly variable disease rates seen in the 
yearly compilation of sanitary reports, certain trends are 
clearly evident from these statistics as well as the 
accompanying written statements submitted by the agency 
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physicians within each annual report to the C . I.A. In one 
of the few comprehensive historical surveys of Indian health 
this author is aware of, Putney (1980) notes that 
tuberculosis was the largest single cause of death among the 
Indian population in the U. S. at the turn of the century 
(1897-1928). As reported by the agents and physicians of 
the Indian Service assigned to the Sioux, since 1882 
consumption or scrofula (T. B. ) was regularly cited as the 
greatest single cause of death--often responsible for 
upwards of 1/2 of all mortality in some years. Clearly 
then, this would strongly suggest that tuberculosis was 
endemic within the Sioux population for 15 years prior to 
1897. 
Again, while comparable historical infectious rates are 
hard to obtain, Hrdlicka (1908) reports on the incidence of 
pulmonary tuberculosis for the Oglala on Pine Ridge at 30. 8  
per 1,000 individuals, one of the highest rates that was 
reported on for any of the 91 Indian reservations or schools 
evaluated. In reporting on T. B. of all types, the Sioux of 
most reservations were shown to have elevated rates. The 
only comparable figures for Whites cite mortality 
statistics, which were not reported on directly by the 
Indian agents or physicians. Dr. Walker (1906) does cite 
statistics that would seem to indicate that the Oglala 
under his charge suffered deaths due to tuberculosis that 
would be in excess of ten times the mortality rate seen for 
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comparable Whites (Condran and Crimmins, 1980): 24-13 per 
1, 000 for the Sioux versus 150-185 per 100, 000 for Whites. 
However, it is unclear how long such a staggering mortality 
regime prevailed at Pine Ridge. 
The most prevalent diseases (regardless of band 
affiliation) on the Sioux reservations during this time 
period can be gleaned directly from an examination of the 
summary sanitary reports for the years in question, and 
noting the most consistent and frequently appearing disease 
categories. Among the more consistently cited disease 
categories are: acute diarrhea, severe tonsillitis 
("quinsy"), rheumatic fever ("acute rheumatism") 
[Streptococcal infection] , tuberculosis, ascaris [and 
s�milar parasitic afflictions, slightly less common] , 
conjunctivitis [possibly including trachoma] , acute 
bronchitis [and probably other common respiratory infections 
under separate descriptive headings] , various gastroenteric 
complaints, and skin disorders. outbreaks of either 
smallpox, chicken pox, measles, mumps, whooping cough, or 
influenza were also seen almost every other year on many 
reservations. 
The general hygiene and sanitary conditions that 
prevailed for all the Sioux reservations (again regardless 
of band affiliation) was also recognized by the agency 
physicians as clearly deplorable and promoting the spread of 
disease--particularly tuberculosis. In this regard it was 
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frequently noted that the common one-room shacks that housed 
most of the Sioux were frequently very crowded, had poor or 
no ventilation, bedding that was rarely cleaned, and dirt 
floors upon which the expectorations of affected individuals 
would fall--promoting ready infection and reinfection from 
the long-lived bacilli. It can readily be imagined that 
such conditions would almost ensure the infection of any 
Indian confined, for even a short period of time, with a 
"consumptive" relative. This problem was further compounded 
by the poor realization on the part of the Indians (and not 
a few doctors) of the severely infectious nature of this 
organism, and the generally poor hygienic practices of most 
Indians. It was also generally recognized by several agency 
physicians that the confinement of the Sioux on reservations 
led to deteriorating hygienic and sanitary conditions, which 
were seen as a direct outgrowth of increased crowding and 
decreased group mobility as these Indians adopted a more 
sedentary lifestyle (Walker, 1906). These factors are also 
frequently cited by modern researchers when noting changing 
patterns of disease in acculturating groups ( Garruto, 1981) . 
The Argument For and Against 
Nutritional Adequacy 
Given the relative virulence of the disease and 
sanitary environment, how is it possible that the Walker 
Sioux adults as well as both samples of children seem to 
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achieve consistently taller statures than comparable Whites 
(Tables 3 and 4)? That both sets of children show this 
consistent trend is important, given the ·relatively small 
sample sizes (by age) represented within the Boas data set. 
The reader may wonder about placing his faith in the Walker 
values given that absolute values are needed to make this 
comparison with Whites, and given the unresolved matter of a 
possible bias within this height series. In this regard, 
Table 8 can be offered towards a possible resolution of this 
issue. While the weights supplied in Table 8 do not 
represent a time series, when they are compared with the 
unadjusted heights (Walker's) for similar decades of birth, 
they seem to agree substantially as far as expected relative 
centiles of modern standards (using age 18 as a base line) 
are concerned (Tanner, 1978). This can be illustrated by 
noting that if the decade of 1880 can be taken as a proxy 
for age 18 (Table 8), and utilizing the relative centiles 
of modern growth represented for the two sexes for the 
height data in Table 3, one arrives at estimates of weight 
as a percentage of modern standards that is about 65-50% for 
both sexes, indicating substantial agreement of height for 
weight (Tanner, 1978: 180-181). (This considers some 
allowance for clothing. ) This then gives us an independent 
source of data that agrees with the higher height means 
found within the Walker data set. This phenomenon is also 
noted in the child series examined by Wissler (1911), which 
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Table 8. Mean Weights in Pounds (lbs.) for Walker's Oglala 
Sioux Adults by Decade of Birth. 
Decade N Male STD N Female STD 
183 0 5 15 1 . 0 (lbs) 19 . 13 2 13 9 . 5  2 . 12 
184 0  21 163 . 57 18 . 52 12 158 . 66 18 . 67 
18 50  54 168 . 4 0 20 . 54 33 16 0 . 4 8 3 2 . 32 
18 60  6 6  173 . 3 7 20 . 02 4 7  168 . 68 28 . 60 
187 0  53 166 . 3 9  19 . 6 1 55 158 . 23 3 2 . 8 6  
18 8 0  26 153 . 9 6 14 . 92 4 5  13 5 . 73 22 . 8 9 
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also shows that Walker ' s  Oglalas were both taller and 
heavier than a sample of White children for comparable ages. 
This would indicate that the higher relative height means 
seen in the Walker Oglala sample may indeed be a true 
reflection of a higher populational mean height. It would 
seem unlikely that a consistent measurement bias could 
account for the substantial agreement in magnitude and 
direction that can be seen if the weights reported by 
Wissler (1911) are expressed as centiles of modern standards 
and compared with the trends seen for the children of the 
present Walker sample for percentiles of modern height 
(Table 3).12 
It would thus seem more likely that the statistically 
significant differences that are seen between the Walker 
adult male sample and Boas' adult males for the height means 
by decade of birth (for 1860 and 1870) would be an effect of 
the secular trend in Walker ' s  Oglala males. The 
statistically significant difference seen between the Walker 
and Boas child height means cannot be as easily interpreted, 
given the failure to demonstrate a different slope or tempo 
of growth for the Walker sample. As noted previously, a 
conservative interpretation of the findings of the analysis 
of the child height series cannot support a determination 
12 The indirect approach to this comparison is made 
because no weight means were generated for the present 
analysis. The figures for weight by decade of birth (Table 
8 )  were generated in a previous analysis using a SAS MEANS 
statement (SAS Institute, Inc., 1985). 
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for the occurrence of a secular trend for the 15-year 
interval between the dates of original observations (1892-
1907). 
Any explanation for both the positive secular trend 
seen in Walker's sample of Oglala Sioux males, as well as 
the relatively high levels of height attainment (expressed 
as centiles of modern standards, Table 3) for both samples 
of Sioux children should consider the historical 
circumstances of these Indians that can reveal broad aspects 
of the health and living standards experienced by these 
groups. 
The positive secular trend in Walker's Oglala males 
appears to be derived in large part from a substantial 
increase in adjusted mean heights for the decade of 1860, 
and a sustained level of higher relative mean heights after 
this period (Figure 21). This shift seen for the 1860s is 
largely consistent with Hyde's (1967) accounting of Oglala 
history for this decade. Hyde (1967) notes that despite 
several military expeditions sent against these Teton Sioux, 
they were mainly unaffected, having withdrawn almost 
entirely into the mountainous Big Horn and Powder River 
country, the former territory of the Crow Indians. In 
general, it can be conjectured that the Teton Oglala would 
have been very favorably positioned at the far western range 
of the traditional Sioux territory. By simply shifting 
their territorial range ever westward, these Sioux were 
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seemingly able to avoid much of the detrimental effects of 
the environmental deterioration represented by the 
retreating buffalo and game as well as the advancing line of 
White settlement from the east. The Oglala were able to 
accomplish this feat through the aggressive prowess they 
showed as warriors and their greater numbers (as members of 
the Teton band). The Oglala were additionally among the 
very last of the Sioux to be forced onto reserves (1874-
1876), and made treaties (1868, 1876) with the government 
ensuring relatively favorable treatment for a considerable 
period of time after their "surrender. " 
Indeed, most of the Sioux represented by the 1868 and 
1876 treaties represented "special cases" for the 
government. For the entire early reservation period studied 
herein, the Sioux tribe ·seem to have consistently 
represented the greatest single annual expenditure for any 
Indian group by the Indian Office. For the time period 
represented by the adults in the Boas sample for the 1870 
decade of birth, most reservation Sioux (about 2/3 of the 
total population) would have received subsistence rations 
from the government. While the present author cannot cite 
figures for the level of this early support, it is probable 
that such provisions made a substantial impact, given that 
no statistically significant negative secular trend was seen 
in either adult height series (this despite the downward 
trends that can be noted on the plots of mean adjusted 
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heights by decade of birth). That this type of trend cannot 
be demonstrated for any of the Sioux studied herein should 
be seen as fairly remarkable, given the drastic and quite 
sudden radical changes these Indians were forced to endure 
with their confinement to reservations. The socioeconomic 
changes these moves caused are fairly obvious: a radical 
shift to a more sedentary lifeway, attendant changes in 
activity patterns and subsistence organization, a new 
dependency status on the federal government--all would 
seemingly almost ensure some sort of significant, 
unequivocal growth response. 
Such assertions for this early period of the 1870s may 
not be entirely appropriate for the Oglala, however. Hyde 
(1967) notes that the Oglala residing within the reservation 
(Red Cloud) area during the early 1870s (1871-1875) scarcely 
saw their agent or the agency except for the times when they 
would receive their weekly rations (as per the 1868 treaty). 
Thus, they would be free to come and go as they liked, with 
the only consideration binding them to the agency being the 
issuance of "free and liberal rations. " Thus, it is 
interesting to note that the Walker sample birth cohorts for 
1880, seemingly the only cohort of adults that would have 
faced the full impact of the forced acculturation on the 
reservation, also show no statistically significant negative 
secular trend. Indeed, Walker's males for this period 
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display a slight increase in height (+43 nun) while Walker 
females show a very small decline (only about 5 mm). 
This would seem to directly contradict the frequent 
assertions one can easily find of starvation, or semi­
starvation for the Oglala and other Sioux during this period 
(Hyde, 1967: 229; Prucha, 1984: 656). Another problem in 
considering the nutritional status of the Sioux for this 
period is the issue of the graft and corruption that was 
seen in the supply system for the reservations (Phillips, 
1972; Prucha, 1984). While such a multimillion dollar 
supply system would certainly have been subject to some 
frauds, it is unclear how (or if) these allegations would 
directly affect most Sioux. It should be remembered that 
such fraud would have had to operate consistently, year in 
and year out on a massive scale across all the Sioux 
reservations (especially the Teton agencies), in order to 
siphon off enough beef to make much of an impact (Table 2). 
Despite frequent allusions to an " Indian [ fraud ] ring, " to 
my knowledge no researcher has seriously suggested frauds of 
such magnitude, although it must be conceded that some fraud 
did in fact occur. It also should be noted that these 
scandals peaked before the 1880s, and that the agent for 
Pine Ridge (V. T. McGillycuddy) from 1879-1885, though 
frequently investigated, was never found guilty or suspect 
of much more than general arrogance and irascibility (Hyde, 
1967). 
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Here again the relatively higher percentiles of modern 
growth standards achieved in the Boas child sample (Table 3) 
can be offered as an independent source of measurement that 
would not indicate a chronic condition of poor nutrition for 
these Sioux children for this time period (1874-1885). 
This noted , another more serious question needs to be 
addressed. How would it be possible that these Boas sample 
children (and Walker's children reporting on the period 
1889-1901 , in Table 3) escaped the consequences of the 
fairly virulent disease context described above? How would 
it be possible that Walker's adult males and females for the 
birth cohort of 1880 also seemingly remain unaffected by 
such environmental conditions that are known to have 
prevailed during this period? Is there some reason to 
suspect that Walker's Oglalas at Pine Ridge would have been 
"favored" over other Sioux groups so that the positive 
secular trend seen for the adult males, as well as their 
generally higher heights, could be "sustained" over this 
period of time? Here we can compare the statistically 
significant difference in means between Walker's 6-11 year 
olds (strictly speaking, reporting on conditions around 
1896-1901), and Boas 6-11 year olds (1881-1886), which show 
the children from the Walker sample to be taller than the 
Boas children overall (Figure 35), although it is recognized 
that a bias may be affecting this result. 
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There are several factors which we can consider that 
could be responsible for this seemingly paradoxical result. 
Although it would be impossible to estimate the actual 
consumption trends seen for all the various Sioux 
reservations, it can be suggested that Pine Ridge (as well 
as Rosebud) may have fared consistently better as far as the 
gross availability of protein (beef) was concerned (Table 2, 
p. 62). This may have also been true for the other 
foodstuffs supplied as rations, but these cannot be followed 
as easily. However, it is known that for many years during 
the early reservation period the rations of flour were 
largely wasted because many Sioux had little idea of how to 
use it. It was also noted that the Sioux did not utilize 
their weekly or biweekly rations so that these rations would 
last for the entire time between issues, with much feasting 
noted on issue day, and fasting upon the approach of the 
next cycle. While caloric demand should not have 
approached the levels seen for groups requiring large 
caloric inputs for greater levels of physical activity, i.e. 
U. S. slaves (Steckel, 1986, 1987) or possibly even middle 
class Whites (Komlos, 1987), these particular Indians may 
very well have received enough beef to possibly sustain 
levels of meat consumption that are clearly in excess of the 
levels seen for these latter two groups, even given large 
allowances for waste, fraud, and other losses from the beef 
issue to the Sioux. This said, it should be recognized 
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again that actual consumption of these supplies way have 
varied considerably and remains difficult to estimate. This 
can be seen by the large fluctuations of visiting Sioux that 
would occasionally visit with relatives in neighboring 
reservations (especially noted for the early reservation 
period), as well as other behavioral differences in 
consumption that could depart significantly from White 
expectations (feasting and other food sharing practices 
would be significant in this regard). Also significant is 
the documented and widespread use of offal among the Sioux, 
which the U.S. Army had estimated (in 1865) could constitute 
as much as 16-20% of an average steer's weight (U.S. Army, 
1901). 
It should also be recognized that the subsistence 
rations supplied to the Sioux did not represent their only 
source of food. This has been noted by Nurge (1970) as well 
as in several C.I.A. reports (1885, 1893). These reports 
indicate that gathered foodstuffs (timpsina) (C.I.A., 1893 
( Rosebud ] )  still played an important role within the Sioux 
diet, as did seemingly the dog ( C.I.A., 1893 [ Pine Ridge ] ) .  
Although the persistent use of dogs as food has been noted 
ethnographically for the Sioux (Hassrick, 1964; Seerley, 
1965; Snyder, 1988), reports of reservation utilization of 
the large population of dogs that were reported on for some 
reservations (upwards of 30,000) (C.I.A., 1885 [ Pine 
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Ridge ] ), are usually seen as an indication of the destitute 
situation faced by the Sioux on the reservations. 
A direct and contemporary indication of the adequacy of 
the diet as supplied by the rations to school age Sioux 
children has been also noted by Putney (1980: 34-36). She 
reports that an assessment of the two rations schedules that 
were common on the reservations for this period (one ration 
schedule pre-dating 1898, and a newly implemented one) made 
by the Department of Agriculture's Office of Experiment 
Stations in 1899, showed that both diets seemingly not only 
provided all the nutrients the body needed, they did so in 
amounts which exceeded those found in the diet of "average" 
adult White males. She notes that "even considering waste, 
the Indian school ration was large" (Putney, 1980: 34). The 
department's report also noted that although simple and 
unvaried, this diet supplied more protein and energy than 
was "required" by the ordinary American mechanic. Putney 
(1980: 36-37) contends that in practice supplemental 
foodstuffs (vegetables, fruits, milk products, and eggs) 
besides the basic issue (see Table 1 for listing) were also 
often neglected in some schools. However, this should not 
have been the case for the Pine Ridge schools, which 
represented the only truly successful farming efforts seen 
on this reservation, supplying an abundance of fruit, 
vegetables, and other crops from the mid-late 1880s on. 
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Seemingly then, the subsistence rations supplied to the 
Sioux as required by treaty (1877) or practice (from the 
1868 treaty) were possibly responsible for the amelioration 
of some of the negative consequences in the health and 
living standards that were seen as a result of the placement 
of these Indians upon permanent reservations. The relative 
abundance (or availability) of protein in the Sioux diet is 
particularly important in this regard (Fogel, 1986; Komlos, 
1987). How this level of support was first arrived at is 
unknown (1 1/2 lbs . of net beef per day for each 
individual), but may be derived from ethnographic or 
historic estimates of the daily utilization of buffalo meat 
by the Sioux. Frequent mention of the "carnivorous nature" 
of the Sioux can often be seen in the annual C. I. A. reports. 
It is also clearly apparent that many of the Indian agents 
disagreed strongly with issuance of rations that were not 
dependent upon any work performed (at least for the Teton), 
and at levels that some declared as extravagant. Many 
agents were no doubt cognizant of the fact that poor Whites 
fared far worse in poor farms and on county rel ief ( c. f. 
Katz , 1986). Other researchers (Priest, 1942; Prucha , 1984) 
have noted that Congress was loath to reduce this level of 
support (despite frequent encouragements to do so) for fear 
of abrogating the treaty stipulations of 1877, possibly 
bringing about a new and much more costly state of war with 
the Sioux. The pervasive fear of an Indian outbreak would 
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still occupy the U. S. Army until the turn of the century 
(Wooster, 1985), at which time the first widespread 
reductions of treaty mandated rations were implemented 
(C. I. A. ,  1901-02; Prucha, 1984). It is significant that in 
one of the first surveys of Indian health that was carried 
out soon after these reductions of 1901-1902, Hrdlicka 
(1908, 1909) noted widespread hunger and want among the 
adults and elderly at Pine Ridge, indicating that many 
Oglala were unready to assume a role of self-support. 
Critique and Alternative Explanations 
for Trends Seen 
It should be readily apparent that the Sioux 
represented a relatively tall population when compared to 
contemporary Whites living during the 19th century. As 
children they would have exceeded in height most 
populations of White children for almost every given age. 
As suggested by Van Wieringen (1986: 320), the negative 
influences of poor living conditions may inhibit the growth 
of groups of short· stature more than those of tall stature. 
This would also suggest some sort of genetic maintenance of 
tall stature for the Sioux (Tanner, 1981) as being 
responsible for the trends seen above. 
My argument for higher relative levels of net nutrition 
for the Sioux (particularly Walker's sample of Oglala) 
should have also (ideally) engendered a concomitant 
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reduction in morbidity and/or mortality rates (Fogel, 1986), 
yet this cannot be readily demonstrated. This may be due 
to the short time period examined, and is certainly made all 
the more difficult to evaluate given the very variable 
nature of the crude mortality rates (which could vary as 
much as 50% for successive years on any one reservation). 
It is therefore possible, but not very likely, that my 
estimates of crude mortality may be overstating the 
mortality on some individual reservations for a given year. 
However, in general the clear trend represented by the 
mortality statistics is the sustained higher relative rates 
seen for the Sioux over that of Whites, especially for 
aggregate mortality rates. Wissler (1936) also shows us 
that any improvement in crude mortality for the interim 
years up to 1916 would have been slight or nonexistent. 
What is also somewhat disturbing about the morbidity rates 
are a greater inclusion of infections and disease states 
that are known to be nutritionally sensitive (tuberculosis 
and respiratory infections in particular) (Fogel, 1986; 
Martorell, 1980) . It could be that the virulent disease and 
hygienic contexts would have extracted an even higher 
mortality toll than was seen, had not the Sioux been 
liberally supplied with government rations. It is 
significant to note in this regard that earlier American 
White populations (1850-1860) facing a similarly elevated 
mortality schedule, also showed equivocal results in reduced 
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mortality with rising living standards (Steckel, 1988b). 
Steckel posits fertility rate, or the number of young 
siblings as being particularly important for the survival of 
infants and children. As this would be a reflection of 
crowding conditions, it can readily be seen why the Sioux 
might have continued to exhibit higher mortality rates, even 
given putative higher levels of net nutrition. The small 
cabins in which they lived were frequently cited as being 
very crowded and dirty. They would probably represent a 
toxic environment no amount of excess supplementation could 
compensate for. It is also significant to note the high 
fertility rate that did indeed prevail on most Sioux 
reservations. 
However, it can also be noted that Fogel et al. (1983) 
report on the occurrence of higher differential mean heights 
between a cohort of native born Southern White males over 
the heights exhibited by New Englanders for the late 18th­
early 19th century. They explained this difference, even 
given the higher mortality rates seen for these Southerners 
( 5 0-2 5/1 0 0 0 ) ,  by positing superior levels o f  nutritional 
circumstances that operated to counteract the relatively 
more virulent disease environment and hence close the 
mortality gradient between the North and South. They also 
noted that part of the height advantage seen for the South 
may have been derived in part from the culling effects of 
differential mortality. This certainly could be possible 
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for the Sioux, but this would remain difficult (if not 
impossible) to test for. 
Another possibility can be suggested for an explanation 
for the finding of a lack of any statistically significant 
trends for 3 out of 4 samples of adults (Boas' males and 
females, and Walker's females) ,  as well as between the 2 
child samples. Prazuck, et al. (1988) present a series of 
heights from rural Mali (Africa) from different observations 
taken since 1885 up to 1985. They could not document any 
occurrence of a secular trend in their population over this 
span of 100 years. They present an "etiologic hypothesis" 
to explain this lack of any statistically significant trend, 
noting the high prevalence of infectious disease and poor 
sanitation. Significantly, their population is a naturally 
tall one, and in 1885 would also have exceeded most 
Europeans for height (Floud, 1984) .  
Another factor that may be affecting the results is 
increasing admixture over time within my two Sioux samples. 
This was not controlled for in this study, as reliable 
estimates for admixture within the Boas sample are currently 
unavailable (although the clear majority are probably "pure 
bloods") . In a previous analysis, estimates of admixture 
within the Walker sample did show increasing admixture over 
time. This phenomenon may represent a second secular trend 
within the sample, but should not be contributing to the 
positive secular trend in height seen in Walker adult males. 
186 
This can be seen in Figure 21 , where increasing admixture 
after 1860 , would if anything , be slightly depressing the 
general positive secular trend in heights seen in this 
sample. This also largely agrees with Wissler's finding 
(1911) that Sioux "mixed blood" children were consistently 
shorter than full-blood children. 
Finally , it should be noted that a lack of a secular 
trend may also reinforce the author's argument for the 
maintenance of the Sioux at the levels of heights they would 
have enjoyed in an otherwise pre-reservation state. In this 
regard it can be noted that relatively constant growth ' 
curves can be seen for France between ca. 1820 and ca. 
1900 , and for Belgium between ca. 1830 and ca. 1900 (Floud , 
1984) , which would indicate the experience of broadly 
similar living standards operating within each population 




This thesis has attempted to explore the possibility of 
the occurrence of secular trends in height in an historic 
population of Sioux American Indians. Two different data 
sets were utilized in this regard: a composite Sioux data 
set generated by Franz Boas and co-workers for the World's 
Columbian Exposition during the years 1891-1892; and a data 
set derived from the measurements taken on Oglala (Teton) 
Sioux by Dr. James R. Walker during the years 1905-1907, 
while he was agency physician on the Pine Ridge (S. D. ) 
reservation. These samples are a subset of the Boas North 
American Indian anthropometric data set now being curated at 
The University of Tennessee, Knoxville. The samples 
utilized in this thesis are thought to represent the largest 
historical American Indian data set yet examined for secular 
trends. The Sioux were chosen for this study because they 
represent one of the best documented historical American 
Indian group, given their storied conflicts with the U. S. 
Army on the Great Plains during the mid-late 19th century. 
Such detailed historical documentation is both useful and 
necessary for a reasonable interpretation of any secular 
trends seen. 
A working hypothesis was constructed about the possible 
direction or shape of a secular trend in 19th century Sioux 
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that posited a negative secular trend over time. That is, 
with the probable stress engendered by reservation life 
(worsening living conditions, inadequate nutritional levels, 
and other dramatic social changes), one would expect those 
individuals born during or after the reservation period to 
exhibit shorter statures when compared to adults born 
earlier in the 19th century. These shorter statures, if 
seen in the younger Sioux, would be a reflection of a 
reduced nutritional status (the balance between nutrient 
intake and claims on that intake), as a result of the 
deterioration of living standards seen on the Indian 
reservations (from about 1876 on for the Teton Sioux). 
In a test for a basic linear secular trend over the 
time period 1820-1880, a cross sectional design was used, 
with the two samples (Boas' and Walker ' s) analyzed 
separately by sex. To correct for aging over time due to 
shrinkage resulting from the compression of intervertebral 
disks, regression coefficients are derived from subischial 
length in order to estimate yearly expected statural loss. 
These coefficients are then used to adjust stature for loss 
due to aging, and their adjusted stature is assessed for 
secular trend using a regression on age. Only one adult 
sample of the four adult height samples showed a 
statistically significant secular trend (p<0.05), this being 
a positive trend seen for Walker ' s  Oglala males. 
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In a test for heterogeneity between adjusted height 
means by decade of birth over this same time span, an ANOVA 
test of significance is utilized to again show that Walker's 
adult males display statistically different height means 
among decades of birth, reinforcing the finding for a 
secular trend. A plot showing this upwards shift, centered 
on the birth cohort for the decade of 1860, can readily be 
interpreted in light of what is known about Teton Sioux 
history. 
A comparison with a contemporary 19th century series of 
heights for native born adult White males shows that the 
adult male Sioux of both the Boas and Walker samples display 
higher mean heights (unadjusted and adjusted) after the 
decade of 1850. 
In the analysis of child heights meant to examine the 
period between the original dates of observation (1892-1907) 
for secular trend, pooled sexes are used to examine a 
combined sample of 6-11 year olds using two regressions. 
The regression for a test of equivalent slopes between the 
two child samples could not reject the null hypothesis , 
indicating that the spread of height means could best be 
described by one slope and a similar growth tempo. A least 
squared means test for different means showed that the means 
between these two samples of children are significantly 
different , with Walker's sample of children being taller 
than the Boas sample of 6-11 year olds. This was not seen 
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as a strong endorsement for a secular trend, however, given 
that no different growth pattern could be discerned. It 
would indicate, however, that Walker ' s  Sioux consistently 
display higher height means than are seen for the Boas 
sample. 
A comparison of both the Walker and Boas sample sub­
adults (�18) with contemporary 19th century Whites shows 
that these Sioux children consistently grew taller than most 
White groups for almost every age. Although the sample 
sizes for these comparisons range from small to modest, 
these findings appear very consistent and would also agree 
with the adult height series in this regard. 
Thus, we can tentatively reject our working hypothesis 
and the persistent reports of widespread hunger or chronic 
under-nutrition, in that Sioux children continued to grow at 
very favorable rates (by any standard), well into the 
reservation period. It may have been possible for some 
Sioux (particularly the Oglala) to achieve levels of net 
nutrition that actually exceeded White standards in some 
regards. The Oglala may have been able to sustain these 
higher levels for the beef they were issued as part of the 
treaty obligations of the U. S. Government from the treaty of 
1876. 
That the Sioux children do not seem to exhibit any 
noticeable growth stunting is also remarkable, given the 
increased virulence of the disease context they were brought 
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up into. This would also reinforce the impression from the 
adult series, noting no negative secular trend despite the 
drastic economic changes these Indians endured. 
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V AII I A III E 
Boas sample complete listing of height means 
by age and sex. 
SUNOAIIO 
DE V I A  f f  ON 
VAR I ANCE N I N I NUN 
VALUE 
NAX I IIIUN 
VALUE 
---------------------------------------- AGE • 4 SEl • F  ----------------------------------------
IM 'f. 00000000 965. 00000000 965. 00000000 
---------------------------------------- A�E •4 SE X• N ----------------------------------------
S TnHT I 029. 00000000 1 029. 00000000 1029. 00000000 
---------------------------------------- AGE• 5 S EX • F  ----------------------------------------
STnHT 1 1 00. 00000000 1 1 00. 00000000 1 1 00.00000000 
-------------------------------------- AGE •  6 SE X• F ---------------------------------------
S TnHT 1 2 1 7. 00000000 ' 24 . 06241 HJ 5 19. 00000000 1 1 92. 00000000 1 2400 00000000 
---------------------------------------- AGE• 6 S E X•III ----------------------------------------
STOMT 1 2 . 0 ,021 2 1 9  415. n:n nn 1 '"1. 00000000 1 1 4 1 . 00000000 
----- ----------------------------------- AGE • 1 SE l•F  -----------------------------------
5 I Z26o 4t'IOOOOOO J8 • 1JJ 10625 1 500. 30000000 1 1 1 1. 00000000 I ZH. 00000000 
-------------------------------------... - A;e . ,  SE X • III  ------------------------------------
STOHT 6 1 1 81. 50000300 52 . 1 8'16Jl  1 2 11 1 . 50000000 1 096. 00000000 UH. 00000000 
----· ----------------------------------- AGE •  II SE l•F ------------------------------------ ---
STrJHT " no•. 10000300 44.661661 •• 1 ••5 . 2 0000000 1 1 40. 00000000 1z5 1 . oooooooo 
---------------------------------------- AGE• I SEl•III •·--------------·-···--------·---------
S Tl'ltT " 1 2'6 1 . 11001)0000 4 1 .  1 1494111 U9• . 2 0000000 1 1 9J. oooooooo 1 2,z.00000000 
---------------------------------------- AGE •lt SFX • F  ·--------------------------------------
S TOHT 4 1 211,. 25000000 32.622114416 1 064 . 2 5000000 1 2 5'. 00000000 U Z J . 00000000 
---- --------- --------------------------- AGF• c, S fl• Ill -------•••••·-----·-··--···---------- ---
S T l1HJ H . 15681902 I OOll . "0000000 1 29, . 00000000 U16. 00000000 
--------------------------------------- AGE • 10 SE X• F ----------------------------------------
46 .001. 1 1 Jll6 2 1 1 6 . 2 01)00000 1 2 45. 00000000 1 , 11 ,.00000000 
------------- -------------------------- At;f • I O  S F  X •  N ----------------------------------------
I '  I H 1. , 'H6'" 1 1  45. 9�1tll261J9 2 1 1 5 . 0641 02 56 125J. OOOOOOOO 1 1 11 11 . 00000000 
--------------------------------------- AGF. • 1 1  sr x• F ---------------------------------------
1n.orn 5 71 l4 , 1too. 5 ooonooo 1 H5. oooooooo 1424. oooooooo 
2 0 8 
Figure A-1 
... . . ...  f .. 
(Continued) 
.., ... U I .. DHO 
M lf l lf 1 0" 
"' "' "'" 
Wll Uf 
.... , ....... 
lfll Uf 
---------------- --·-·-----�---- ------ IGf• I I  SF•• 11 ··-· ·-··----------------------------- ---
U Hi I I 1 1• 1 . e1 1 tt111 u . ,on•o•• 11•• · " '""' uoa . 00000000 , ... .  00000000 
----- -------------------··· -···-·---·-- IGf • I I Sfl • • -- . ··--·--· --------------------- - ---· ---
Sf!, .. , . . . .... . , ,,,,,, " · '" '••• 1  r , • . , . ,. ..... , 1 ,e•. 00000000 n , o. oeoooooo 
----·-·----------------------------- IGf• I I Sf l•II • •-•••••-••••••--------·----------•••••-
l l  . ..  , . ..... , .. ••• ,.,., a oo , ,  ... , ..,.,., • • n . 00000000 a,•1. 00000000 
--·---------------------------------- IGf • 1 1  ,, ... --------------------------------------
••·••o.,,., 1••• . n•• 1 01• n•1. ooeooooo .,.,.eooooooo 
• ·-- ·  ---•-· •• ••-•-•-• --••••-•••• • -••• ·- IGf • l J If 1•11 ••••••-•••••••--••••••-•••-••••••••••• 
,,, .. , I I  t •••••••t•1 .. f• .1 11•1•0• .. ,. . ..... ,., I Hl . 00000000 HOO.OOOOOHO 
- --------------------------- ---------- 11.f . . .  Sf••• -------------------------------------
u ... , II U69.0HOIOO , • • •  ,,,,, • •  , .. , . 0•1•00•0 , ,., . 00000000 ,., ,. eooooo.o 
-------------------------------------- lGf • t • ,, .... ---------------------------------------
s ,  ... , n , ,. •• ,.•non "·'°""" , .,, .... . ,. 16 .•• , . 00000000 . ..  , . 00 .. 000 
---··-···---··----··-----·------ ------ lGf • 1 • Sf l•F -----·-----------••• •-•••••••-------•-•• 
,11, .. , ' ...... ,, .,., " •• .o•H•••• 1 101. Jf l •H'tf 1 101. 00000000 l 6 H . NONOOO 
• ••-• -•••-••••••··---------------•••••• IGf • t• Sf 1•11 --·--•-•••------------•• ••••••-•••••• ••• 
H l Mf , ,  1 1 1 0.0, ..... , , •• ,,o,no• 1 100. ,110•'1• n•o. 00000000 1 n 1 . oooooooo 
--------- ---- ---- ---- --------••••-···-- IGf• I • S f l•F  ----------- ---------•- •• ·-----------·---
s rn1n 10 • •• 1 . ,ooo01100 , . . . . . .  ,. . ,  •••• .,,,,,,, n • r . 00000000 1,n.00000000 
- ---- --··--------------------· · - - - - - -- IC.f • 1 1  Sf •• "  ·-----· ·--- ·-------·----·-----------· ---
1 f . 17HI IU u •6 . l 1U l 01 1  1 110. 00000000 l f•l.00000000 
· --••--••-•-- •••••••· -------• -------·-•  IGf • l f Sf l • II  ·--------- · ----·-··----·-· ---- ------ - ---
1 1  1 1& 11 .  ,, ,, ,, ,. , •••  ., ,.,, • • •• , •• , ••••• , , ,.1 . 00000000 , ,,0. 00000000 
------ ------------------- - -- - -------- -- ACF• t fl  9£1_,. ---- • ------------ ---------------------- -
!ITl)MT t 7 , ,10 00000000 
---------·--------------- -------------- IGf • I ll  SF • • II ----------- - -- ---------------- ---- --- - --
� , ,�, ,.. • ...... . , .,  .... 111 1 11 .01  ••• o•" • •••. 10••11• 1 , ' " ' " · oooonooo 1 1, 11 . 00000000 
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Figure A-1 (Continued) 
VNI I AILE N 1'1£AN STANDARD 
DEV IAT I ON  
VAR I ANCE l"IINJ""" 
VALUE 
l'IAX J ""'"  
VALUE 
--------------------------------------- A0€• 1 9  SE I -F  -----------------�----- ---------
8TDHT 
8TDHT 
I 7 1 6,00 .  23:,:zo,412 4:,. S,'6382:, 207'. 3U,t7•47 1 493. 00000000 . ....... 00000000 
------- A0£• 1 9  !!El.,. - -
at 1 1 1•. 7 1 4;za:,1 1 79. :,9.,,20,, "334. 0 1 4:za:,11 1 44,. 00000000 1aoe. 00000000 
-------- -------------------------- AO£•:ZO SEI-F --------------------�---- ---�--
flDHT 9 1 • 1 0  1 1 1 1 1 1 1 1  4:Z. 0042991:z 1 7"4 . :Mo u  1 u 1 ts4•. 00000000 1•1a. 00000000 
------------------------------------- AOE•:ZO BEi.,. --�---------------�-----------
8TDHT 
8TDHT 
a9 1 7 1 7. S,l  724 1 4  ,o .  o'7,aa48 a,o,. 7561 '7•4 i .,30. 00000000 1110.  00000000 
------------ IIIOE•2 l  SE I -F  
9 1•14 .  ,,,,,,,. 40. '83'900 1 1•41. 0211111a t ss.. 00000000 1•1a. 00000000 
-------------------- AOE•:Zl 91:1..,.. -----
8TDHT aa 111a.  1,000000 
---------------------------------- IIIOE•:Z2 SElaF --------------------------�--
8TDHT 
8TDHT 
8 1 '9 t .  .a,00000 ,a. 2 1 09399:z a12, . 982t 4aa. 1 4.,7. 00000000 1 .. 1 .  00000000 
----------- IIIOE•22 SEI..,. ------------------------
1a 1 1:11. 1a:z2aaaa 38 :,"9():,41 l l 4a,,. eoo•:,3:,9 U,87. 00000000 1ao.. 00000000 
--------- - -------------------- AGE•:Z3 SEI-F ---------------------------------
8TDHT 7 1 .a• l4iZ8,7 1 4  7 8  7'1 !1M139 ...ZOI .  80'9:,a391 l !l:ZO .  00000000 174:Z. 00000000 
------- ------------ -------------- AQE•:23 BEi.,. --------------------------------
8TDHT 2a 1 140. 21212121 :,3 •10:,:,:,249 2881 . 0.493,0• 1 •4 1 .  00000000 1829 00000000 
------------------------------------ AQE•24 SEI-F --------------------------- -------
STDHT 4 94974747 
------------------------·-· ------------- AOE•24 SEIC•l"I -------------------------------------






OEYJA T I ON  
YAR J ANC E  " J N J "'-'"  
VALUE 
---------------------·· ------------ AQE•ii!' SE X af"  ------------------------
STOHT ii! I 64 1 .  00000000 60 a1 1 1 a:: u a  3698. 00000000 a ,9a. 00000000 1684 00000000 
--------- ------------------------- AGE•ii!' SE X  ... -------------------------------
STDHT ,a 94 1 76432 ii!80ii!. &30404936 1666. 00000000 a9'f0. 00000000 
-------------------------------------- AGE•ii!6 8Elaf" -------------------------------
&TOHT 4 1 6 1 4 .  ,0000000 , ,. 69�098ii! ii!46. 33333333 1.00. 00000000 1630. 00000000 
---------- -------------- AGE•ii!6 SE X  ... ----------------------
8TDHT 1 1  1 703. 7ii!7ii!7ii!73 77. 9,779744 6077. 4 1818 18.! 1 '4 1 .  00000000 17'f0. 00000000 
------------------------------- AGE•ii!7 &Ela#' ------------------------
8TDHT ii! 1 6 1 7. 00000000 98. 00000000 1 610. 00000000 1 ..a4 .  00000000 
----------------------------- AGE•ii!7 SEX ... -----------
8TDHT 
--------------------- AGE•ii!8 SEie#' -
8TOHT , 1602. 40000000 
---- ----------------- --- AGE•�& BEX ... -------
8TDHT 1 8  1 72 1 . 00000000 
-------- --------------------- AQE•ii!9 &Ela#' -------------------------------
STDHT 
STDHT 
3 1626. 33333333 8 33333333 162:J 00000000 I.all. 00000000 
--------- AQE•ii!9 SEX ... --------------------
1 1  1 74;! 0'9090909 42. 4,,7,237 1802. 49090909 1690. 00000000 18ii!8. 00000000 
------- ---------------------------- MIE•:JO &Ela#' --------------------------------
STDHT 94 07621024 -�- 33333333 1 489 00000000 1..:1. 00000000 
--------------------- ------------- AGE•:JO BE X ... --------------------------------------
STDHT a, 1 7:,:;_  aeoooooo ,7. 1 3034804 3263. 87666667 1 :t62. 00000000 l..:Z. 00000000 
-------------------------------------- AQE•31 8EX-F -----------------------------------
STDHT ii! I :,t,.!. :,0000000 60 1 0407640 36 12. ,0000000 1 '20 00000000 1605. 00000000 
------------ -- -· ------------ -- --------- AGE•31 SEX ... ---------------------------------------
STDHT 8 1 7U4 7:,000000 ,4 98766095 30ii!3. 64�85714 1 730 00000000 1883 00000000 
211 
Figure A-1 (Continued) 
YMIAILE N PEAN STANDMD 
DEV I AT I ON  
VAR I ANCE l'I I N I """"  
VALUE 
l'IAX l l'IUPI  
VALUE 
------------------------------------- AOE•32 SEI-F ----------------------------------------
STDMT 4 16 :,0 ,0000000 ,4. 286279 1 .  2'J47 00000000 1 ,77. 00000000 1 70,. 00000000 
-------------------------- ------------- AOE•32 SEX_,. ----------------------------------------
9TDMT 1 4  1 747. 428,7 1 43 47 '9032'908, 22"4 72,27473 1 668 00000000 1820. 00000000 
------------------------------------- AOE•33 9EX-F --------------------------------------
STDMT 
9TDMT 
' 1634. 20000000 67. 97n,a 1e 4607. 20000000 1 ,49. 00000000 1721.  00000000 
--------------------- AOE•33 9EI ..... ---.,.----------------------------
t S  1 10,. 20000000 60. 22363086 3626 .,71 42• 1 ,,.,. 00000000 1�. 00000000 
----- ----------------------------- AOE•34 &EI-F ---------------------�-----------------
9TDMT :u . "76,,70 2693. 36666667 1 576. 00000000 1 693. 00000000 
--------------------------- AOE•34 9EI_,. ------------------------------------
8TDKT I 4 I 72'J. 50000000 66. 742616.,., 4454. ,76.,2308 1 600. 00000000 1a,,. 00000000 
------------------ ----- M£•3' 9£1 ... ---------------------------- -------
STDHT 3 I 606 66616666 7 32 ,.34,:,39 1062 33333333 1 ,eo. 00000000 1643. 00000000 
--------------------------------------- AOE•3' 91EI_,. ------------------------------------
STDMT 1 3  1 7 18. 6ff3076. 43. 36'4 7 1 3:Z  1880 '64102,6 16,,, 00000000 1 782. 00000000 
------------------------------------- III0€•36 91EI-F ---------------------------------------
STDMT 3 u.o •. 00000000 6. 07242'76 4771 . 00000000 1 548 00000000 1"84 00000000 
--------------------------------------- AOE•36 SEX_,. ----------------------------------------
9TOMT 1 6  1 7.!" 437,0000 66 30230640 4:,,,, •• ,93333 1 627. 00000000 18ft. 00000000 
------------------------- ·· ------------- IIIOE•37 SE I •F ----------------------------------------
STOMT ' 1 ,1',R 00000000 
------------------------ --------------- AGE• :37 SE I_,. ---- ------------------------------------
STOMT q 1 1:,'!'1. l l l l l l l l  ,:J •oe3,e45 2'906 1 1 1 1 1 1 1 1  1 6 1 , 00000000 11eo. 00000000 
------------------------ ·--- ----------- illCE•::19 SEX -F ------------------- ---------------------
STDHT 4 1630 2,000000 1 1 ,  11557:J•u, 1 3376 ;!!"IOOOOO 1 4i&B 00000000 1 120 00000000 
- ------------- •• --··- ·--- - ···--- ------ -- - ilflCEs::JB SEXr.f'I ------ ·------- ---------------------------
212 
Figure A-1 
\IN U ABLE N 
(Continued) 
l'IEAN STANDARD 
DE\I I A t l CJN  
VAR IANCE l'! INIPfUPI 
VM...UE 
--------------··---------·--·------------ AGE•39 SE X-F ---- -----------------------------
STDHT 2 I ,eo ,0000000 
-------------------------------------- AGE•39 SE x... --------- . -----------------
STDHT I O l 748. 30000000 6, ,,,,2351 42'17. 78888aa. 1 6 10. 00000000 1•�- 00000000 
------------------------ -------------- AGE•40 &EX-f' --------------------------------
STDHT l O l 60'1 l 0000000 46. 32364008 2 1 4,.  87777778 1 ,4,. 00000000 1678. 00000000 
--------------------------------- "'8£•40 BEX ... ----------------------------
8TDHT 1 9  1 72�. 3684210, 47. 4262 1231 2249. 24'6 1 404 1 647. 00000000 1827. 00000000 
-------------------------------------- AGE•4 l BEX-F --------------------- --------
8TDHT 2 1 578 ,0000000 45. '96 1'94078 2 1 12.  ,0000000 1 '46. 00000000 16 1 & . 00000000 
------------------------------------- AGE•4 l BEX ... ---------------------------------
BTDHT 1 3  1 720 1 53846 1 5  4 1 . 3760 1 1 88  1 7 1 1 . 97435 .. 7 l .:J l .  00000000 1n•. 00000000 
---------------------------------- AGE•42 BEX .... -----
8TDHT 4 1 5·,a 1,000000 " · 2 1 44 18'4 2622. 91 ..... 7 U05. 00000000 1620. 00000000 
------------------------------------ AGE•42 BEX ... --------------�---------
8TDHT 1 3  1 704. 46 1 ,3846 
--------------------------------------- "'8£•43 BEX•F ------------------------------
STDHT 2 1 5 1 7. ,0000000 45 96194079 21 12.  ,0000000 1 485. 00000000 1 550. 00000000 
--------------------------------------- AGE•43 SE X  ... ----------
STDHT 1 ,  l 7:16. M>OOOOOO 54. 1 252, 1  '7 .zt,a-,_ 5428'7 1 4  1652. 00000000 1 .... 00000000 
------------------------··------------- AGE•4 4  9E X •F -----------------------------------
STDHT 1 ,.?2. 00000000 1 ,22. 00000000 1 sa2. 00000000 
-------- --------------------··---------- AGE•44 SEX ... --------------------------------------
STDHT 1 9  1 7 1 4  3684210, ,2 49360863 2755 '7894737 1 ,9 1 . 00000000 1 786. 00000000 
------------------------· -------------- AGE•4' 9EX-f' --------------------------------------
STDHT 9 l ,. • 77777778 37 11 ,30783 1 422. 44444444 a ,49 00000000 1669 00000000 
-------- ----------· - ·--- • ·------------- AGE•45 SE X-N ----------------------------------------
STDHT 1 ,  1 72./ 06666667 42 34 1 244 1 1  1 792. 7809,238 1 660 00000000 1798. 00000000 
2 13 
Figure A-1 
IIM I ABI.E N 
(Continued) 
STANDARD 
OEII I AT l ON  
IIAR IANCE " I N I """  
IIAI.IJE 
-------------------------------------- AOE•46 !!IEX•F ----------------------------------------
9TDHT 2 1 ,:i,. ,0000000 28 fl l 37803 840. ,0000000 1 '3' 00000000 1'7&. 00000000 
------------------------ -------------- AOE•46 SEX ... -------------------------- -----------
9TDHT 1 8  1 70<', 44444444 43 03380644 1 8' 1 . �4.,673 1632. 00000000 191,. 00000000 
--------------------------------------- AOE•47 SEX-F ----------------------------------------
STDHT 4 1 '7&. 00000000 6, ,03180'8 42"0 . ....... 7 1 ,00. 00000000 1..0. 00000000 
--------------------------------------- AOE•47 SEX'°" ----------------------------------------
9TDHT 1 1  I 7 1  7. O'fO'ro'N>'t 66 1 '0' 1 707 4375. "0'90'90" 1 4>26. 00000000 1�7. 00000000 
--------------------------------------- AOE•48 SEX•F ----------------------------------------
9TDHT 4 1 5&4.  2,000000 ,0 68448 1 '2 2568 . •  , ..... 1 14"3. 00000000 1 6 13. 00000000 
--------------------------------------- AOE•48 SEX'°" ------------_...---------------------
8TDHT 1 0  1 703. 50000000 & l .  "376"27 1 383ft 27777778 1 607. 00000000 1 82 1 .  00000000 
--------------------------------- AOE•4• RXeF' ---------------------------
9TDHT 2 1'117. 50000000 60 10407640 3&12 ,0000000 1 '25. 00000000 16 10. 00000000 
- ---- -------------- ------- AOE•4• 9EX9" ----- - -----------�---- ---
9TDHT 6 1724. &Mo66M7 46 "283 1 4 1 3  2202. 2 ...... 7 1&37. 00000000 1764 00000000 
----------------------------------- . AOE•,O SEX•F ----------------------------------
9TDHT 7 1&26. 571 429,1 27 20206'7' 73". •5238D"' 1600. 00000000 1 682 .  00000000 
----------------------------- --- AOE•,O BEX_,. -------------------------�-------
9TDHT 21 1 1 1 ,  0•5238 1 0  
------------------------ --------------- AOE•, I SEX-F ----------------------------------------
9TDHT 2 1 576 00000000 62 2253•&74 3872 00000000 1'32 00000000 1 620. 00000000 
. ------------------------------------- AOE•, 1  SEX'°" ---------------------------------------
STOHT 7 I 70A 7 1 428,71 4. 6 1 086671 246 1 .  2380.524 1 63" 00000000 1 1•0 00000000 
--------------------------------------- AOE•,2 SEX•F ----------------------------------------
STOHT 2 " ' '  ,0000000 2 1 2 1 3:;'034 4 ,0000000 1 '74 00000000 1 '77. 00000000 
---------------· -------- ···------------- ACF.•'2 SEX•" ---···· -----------------------------------
!'\1DMT A 16"" 2�000 4R 0e 1 o �m•1> 2:18" :J,7 t 4286 u,34 00000000 1 7'"3 00000000 
2 14 
Figure A-1 
VNI I ABLE N 
(Continued) 
STANDNID 
DEV I AT I ON  
VNI I ANCE P1 1 N I NUN  
VALUE 
--------------------------------··----- AQE•53 SEX-F --------------------------
STDHT 2 1 ,1 1 .  50000000 43. 1 33'1 36:, UM,O. 50000000 1 54 1 .  00000000 1.02. 00000000 
------------------------------------- AQE•53 SEX•P1 ----------------�------------
8TDHT 
------------------------------------ AQE•54 SEX-F -------------------------------------
STDHT 5 1 570. 40000000 34. u,577235 1 1 67. 30000000 1 '30. 00000000 1605. 00000000 
------------------------------------ AOE•54 SEX ... ------------
8TDHT 5 1 757. 40000000 
------------------------------ AQE•55 SEX-ir --------- ------------
8TDHT 4 1 584 75000000 77. •4 1751 76 iW>74. • 1 66666t7 
. 
1 5 1 7. 00000000 1672. 00000000 
------------- -------------------- AQE•55 SEX ... ----------
8TDHT 
8TDHT 
2 1673 00000000 52. 325'J0 1 8 l  2738. 00000000 1 636. 00000000 1 7 1 0. 00000000 
----------- AOE•S6 81:X-ir 
3 1 . 1 1 26 .. 37 .... 00000000 1 6 1 0. 00000000 1694. 00000000 
--------�---------------------- AGE•S. BEX ... -------------
8TDHT 12 1707. 25000000 79. 734 1 3429 9735. 65�1 1 ,27. 00000000 1aao. 00000000 
---------------------··------------ AGE•57 SEX-F -------------------------------
BTDHT 4 1 6 1 2  ,0000000 71 ••..,ou2 5 1 7., �7 1 524. 00000000 1.-. 00000000 
---------�----------------------- AOE•57 BEX ... - -
&TDHT 4 1743. 50000000 63. 02 1 1 6047 3"7 1 . �667 l ..... 00000000 1 8 18. 00000000 
-------------------------------------- AQE•'8 SEX-F ----- --------------------------------
ITDHT 2 1 5b3 50000000 ,1 61 87.503 2664 ,0000000 1 '27. 00000000 1 .00. 00000000 
------------------------------------- AQE•'8 SEX ... ------------------- --------------- · 
S TDHT 1 1  170 1  00000000 38. 06'73262 1 44 •. 00000000 1634. 00000000 17511. 00000000 
--------------------------------------- AGE•5• BEi_,. ------------------------------�---
STDHT 7 17'.tt.l. 00000000 :J3 •3 1 303 1 '  1 1 '1 3333:J333 16.3. 00000000 1787. 00000000 
----- ----- -- -- ---------- ·· -------------- AQE•bO SEX•F ---------------------------------------
STDHT 4 1 5'1;' 00000000 42 :J0839 1 60 1 7"0 00000000 1 555 00000000 1633 00000000 
2 15 
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VAR I ABLE N 
(Continued) 
STANDARD 
DEV I AT I ON  
VAR I ANCE "INI"'-'" 
VALUE 
---------------------------------- AOE•� 9£ll'"" ------------------------- ---
ITOHT I I  1 72, '4'4'4'' 
--------------------------------- AOE•61 SU ... - ------- ---------------
STIJHT 2 1 736. ,0000000 8'P 802,6 1 2 1  8064. ,0000000 1 673. 00000000 1800 00000000 
------------------------- AOE•62 9Ellaf' ------------------------
ITOHT 
8TIJHT 
1 ,70. 00000000 1 '70. 00000000 1 '70. 00000000 
------- AGE•.:2 8Ell'°" ----------------------
4 1 707. 7,000000 I t .  4 1 27 1 221 130. 2,000000 16•4. 00000000 1 719. 00000000 
---------------------- AGE••3 9Ell-f' ----------------�--------
8TIJHT 1604'. 00000000 1609. 00000000 1609. 00000000 
------�--�------------------ AOE•63 &Ell'°" --------- ------------------
8TDHT 
8TDHT 
6 1 67. 83333333 1 1 7.  63" 1 3748 1 38311. •666667 1 470. 00000000 17'90. 00000000 
--------- AOl!•64 l!Ellaf' -
2 I '82. ,0000000 74. 24.:21 202 '512. ,0000000 1 '30. 00000000 1.3,. 00000000 
----------------------------- AGE•b4 8Ell ... ------------------------
8TIJHT ' 16.,. 00000000 "· 1 76 .. 7•6 3044. ,0000000 1 63,. 00000000 1 760. 00000000 
------------------------- MME•65 8Elloof" ----------------------------
STIJHT 3 1 '43. 33333333 20 ,2640,76 421 .  33333333 1 ,2. 00000000 , ,... 00000000 
--------------------------- AGE•6' IEll ... -
BTIJHT 1632 00000000 1 632. 00000000 1632. 00000000 
-----------�---------------------- AOE•66 9Ellaf' -----------------------------------
STIJHT 1 ,«,H 00000000 I ,98 00000000 1, ... 00000000 
------------------------· ·------------- AGE•66 SEX"" --------------------------------
STOHT 2 167 ... 50000000 1• 0.1 9830• 364 50000000 1 663 00000000 1 6'90 00000000 
------------------------------------ AGE •67 SE ll _,, -----------------------------------
STOHT I '4fl 00000000 I 548 00000000 1 ,48 00000000 
------------------------ ·-------------- AGE .. 67 SEll•l'I ----------------------------------------






DEV I A T I ON  
VAR IANCE l'UNil'tUl'I 
VALUE 
--------------------------------------- AQE•e& &£•-F --------------------------------------� 
STDHT 1 547 00000000 1 547. 00000000 1 547. 00000000 
--------------------------------------- AOE•e& &EX ... ----------------------------------------
STDHT 3 I 70 l. 00000000 54. 064775.,6 iil"23. 00000000 1640. 00000000 1 743. 00000000 
--------------------------------------- AGE•e9 &EX ... ----------------------------------------
STDHT 
8TDHT 
I 592.  00000000 
---------------- AOE.•70 BEX _,. -------�--· 
2 1 1 1 •. :,0000000 102. ,3048327 1 0' 1 2. 5000000 1 647. 00000000 1 792. 00000000 
-------------------------------------- AGE:•7 1  IEX .... -------------------------------------
8TDHT 2 I 683. 00000000 52. :12,90 1 a 1  2738. 00000000 1 646. 00000000 1 120. 00000000 
--------------------------------------- AQE.•72 9£1 .... ---------------
ffDHT 9 86'76,72 97. 33333333 16,2. 00000000 1670. 00000000 
------------------------------- AGE:•73 IEI .... -----
8TDHT a 1 746 00000000 1 1 . 31 3708,0 1211. 00000000 1 738. 00000000 1 794. 00000000 
-------------------------------- AGE•75 &El-F 
8TDHT 1 ,4 7. 00000000 1 547. 00000000 1 147. 00000000 
------------------------------------- "8£•7' &El.,. --------------------------------------
ITDHT 
8TDHT 
16 7:l. 00000000 
---------- ----- "8£•76 SEI-F -------
1 ,15 00000000 
16 72. 00000000 1672. 00000000 
I ,1,. 00000000 I '7,. 00000000 
----------------------------------- AGE•76 BE i"'" --------------------------------
STDHT 1 704,. 00000000 1 706. 00000000 1 706. 00000000 
------------------------------------- AGE.•77 &EI-F ---------------------------------
6TDHT 1 ,  • ., 00000000 1 ,.,7. 00000000 1,97. 00000000 
---------------------------------- AGE•78 &EI-F ----------------------------------
STDHT 1 ,1 1  00000000 1 57 1 .  00000000 1 5 7 1 .  00000000 
-----------··-----------·· ------------- AGE•79 SE••F ------------------------------------
STDHT 1 6;,>3 00000000 
2 17 
1 623 00000000 1 623. 00000000 
Figure A-1 (Continued) 
VM l illlLE N 9Ti11NDMD 
DEV I AT I ON  
VAR I ANCE l'IINll'IUPI 
VALUE 
------------------------------------ AGE•80 9E!laf' -------------------------------------
9TDHT 3 11,0:,. 33333333 B l . 303"�44 6610 33333333 1 :,:,3_ 00000000 U, ..... 00000000 
-------------------------------------- ill0£•80 SE!!'"" --------------------- ------------
9TDMT 1600. 00000000 1600. 00000000 1600. 00000000 
-----------�--------------------- MK'.•8 1  SE!!'"" ----------------------------------
STDHT 1 680. 00000000 1680. 00000000 1 680. 00000000 
----------------�----�------------ AOE•83 9£!1-F ----------------------------------
9TDMT 
9TDHT 
I :,86. 00000000 1 :,a1,. 00000000 l '86. 00000000 
----�-------------------- MK'.•84 9£11 .... ----------------------------------
1 643. 00000000 1643 00000000 1643. 00000000 
------------------------------ MK:••t SEX.... -------------------------------------
9TDHT 1 643. 00000000 
•TUHT 1 7 42. 00000000 
1643. 00000000 1 643. 00000000 
MK'.• 1 00  &£ !1 9"  -----------------------------�� 
1 742. 00000000 1 742. 00000000 
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V AII I A N. E  
Walker Sample complete listing of height 
means by age and sex 
ST AIIIIOHO 
OE VUf l ON 
UII UNtE II I N I Nt.111 
VAL UE 
IIAX I IIUII 
VALUE 
••••·-----•-•••-••••--••-••••••••-•- AGE • l SE X• 0 ----------------------------•••••-•••• 
ll f 11 1. soonoooo 
� 
24. sooooooo 1 1  S • 00000000 122 . 00000000 
•••••------··••••••··-----------•-••••- AGE• l Sf X• l -------------------------------------
o .01n4954 2 2 16 . nn n n  Ho.00000000 1 n . oooooooo 
------------------------------------ aGE• 2 SE l• O ------------------------------------
HT 119. 00000000 Z l ..4 1106 1 1) l l l . 00000000 1540 00000000 9 1 0. 00000000 
-----•• ------------------------------- AGE • Z SE X• l ------------------------------------
4 111 . 50000000 19 . D Z 563Z60 1 5Z J .  00000000 161 • 00000000 140.00000000 
------------------------------------ AGE• J SE l• 0 --------------------------------
HT l l  905. 66666661 4J. l9J l J6 1 l  1 16 5  . ...  105112 141. 00000000 1 02 1 . 00000000 
--------------------••-••-•••••••••••• AGE•J  SEl• l ••-••••·------------------------·-•• 
HT l Z  945. JJ JJJ]J] 5 J . JH51007 2 15l . 5 Ul 5 l 52 115. 00000000 1D4 l .00000000 
••••••·--------·---·-------------•• aGE• 4 SEl• O ••••-••••••••••••------------·-·••• 
HT 1 0  .. . .  60000000 JZ. 15226119 1 01Z. 1l l l l l  l l  9JZ. OOOOOOOO l 04 l o 00000DOO 
-----�------------------------------·- AGE• 4  SEl• l ----•••-•••••••••·-------------------
HT 14 l OZ6. H 1 l 4Z l6 u . n 1on46 1 040. u u•1u ,,0. 00000000 1 o n . oooooooo 
-------------------------•-•••••---- AGE• 5 SE X•O -------------------------------------
HT ZS l OU . 12000000 90 . u 2  .. 024 u,o.•2666'67 . nJ. 00000000 u , 1 . 00000000 
----------------------------------- AGE • �  Sf l• 1 •••••••••••••••••-----------
"' • •  l l 04. 9l 150000 s o . 06990946 2 ,06 . H'JIJJJJ 1ou. oooooooo 1 165.oooooooo 
• •••• ------•• --------------·-··----•-•• AGE• 6 SEl• O ------------------------------------
HT 16 l l4 J o l6 l l l l l l  4J .96J7Z06l 1 9JZ . IOUJ016 1 02 1. 00000000 U J 0.00000000 
•• ••• •••••··- --------------•••••-•••••• AGE •6 SEX• l  ••-••••••----------------------------
HT 10 l l 46. ]66A6661 )4 .9042162 0 1 Zl l. J09 l 9'J40 l l 00. 00000000 1240. 00000000 
••••••••••••••••••••• ••·---------------- AGE• T SE l • O  -----------------------------------
II T s ,  1 1 1 s . 2ao ,01 1s  62. 90•nz965 1•n . n4Dl5Z l 1on. oooooooo 100.00000000 
- ---- -------- ----------------------·- ••• AGE • T SE X• l ------------------------------------
HT SIi 1 12 'Jo fl'1 6'1 .. l 1Z '\9. 5 1 04041 UU . 49?11264 l l S l . 00000000 l S S J. 00000000 
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VAPI ARl F .. 
(Continued) 
S f ANDAII D  
DE V I U I ON 
VAII I ANtE II I N I NUII 
VALUE 
IIH I IIUII 
VAL UE 
------------------------------•-••• AGE •I SE I• 0 ----------··------------------------
14T '7 1 262. 10 101 7'4 n . 00' 15160 53JO. J J 1092 11 1 1 50. 00000000 1 599 .00000000 
-··-·-·-·------------------·--------·-• AGE •I SEl• l ·-----------------------------
HT 64 1 299.06250000 12 . 2 1 26001 ,121. unuoe u u. 00000000 1 564 . oo oooooo 
-------·---··-----------------···-- A:.£•9 SEl•O •-----------------------------· 
14 T  5 1  l 34 l . J92U616 11.95205022 1 13 5.563 1 3125 1241. 00000000 1590. 00000000 
----- ----------------------------- AGE• 9 SE 1• l ----------··------------------
HT 61 l l2 l o 61 1 Ml 19 52. 1911 1 1 10 2 124. 6 1 11 1 ...  ll l l. 00000000 l"6Z. OOOOOOOO 
-••--·---------·--·-·-----····-------- AGE • l O SE I• 0 ••••·----------------------
HT 52 l 369. 16923011 59. 011,ao11 1 415. 43519144 1 220. 00000000 15� 1 . 00000000 
- --·---···-·---··--·-------------- AGE• l O SEI • l ·---------------------------· 
HT 64 1 11 0. 21 1 25000 62 .19695414 3 19) • Jf9960J2 1 1 91. 00000000 1600.00000000 
------------------------------------ AGE• l l  SEl• O -------------------------------
HT 0 1 � 4. U J333H H . 4on1u1 4619 . 6 1 1 1 1 1 1 2  1249. oooooooo i,zo.oooocaooo 
------------------------------ AGE• l l  SEl• l ----------------------------------
HT 51 1 41 1. 12 4561 40 61.06355291 46J2 . M l241 l l  l Z4J. OOOOOOOO 1 573 .00000000 
--------------------------------- AGE• l 2  SE l• O -------------------------��----
HT 5J .Ol65l 626 2 1U . l l6'TIOl l J4l .OOOOOOOO lH0.00000000 
----- ----------------------------·· AGE• 1 2  S El• l -------------------------------
HT ., 1 45 5 .  )9514114 u . uHnn HZ1 . 16JHn1 1 no. oooooooo 1 u 1. oooooooo 
------------------------------------- AGE • l l  SE l• O ------------------------------------· 
MT 'S9 l 52 J .966 1 D l 69 51.466H11J l 4 l l. J 11 l 4 l 44 U90. 00000000 1646.00000000 
- -----------· -···---•-••••••••••••••••• AGE• l l SEl• I ---------••••·-------------------· 
HT 'S't .456104 14 1'U. 09966lU 1405. 00000000 1612 . 00000000 
----------------------------------·--- AGE • 14 SE l • O ----·-----••••·--·----•·-·----------
MT 42 l l\6't. 2 fl 'H l 429 'S9 . 1 IOIO l 29 1 'SH. J19H094 l 42 J . OOOOOOOO 1 110. 00000000 
----------------- ----------------•••••• AGE• 14 SEI• I --------••••••••••••••·-------•·--·--
IIT 6'S. l\t,01004' 1 4l'tl. 2 1 162 )41 1 120. 00000000 1650.00000000 
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V AII U 8l F.  
(Continued) 
IIUN su .. ou.o 
Df V UT I ON 
VU. UNC E " '"'""" 
VAlUE 
IHI I IIUII 
VAl UE 
------------------------------------- AGE• I 'I S El• O ----------------------------------
HT U . 45T l 49J5  1 10l . 604J5J051 1 5 1 1.00000000 16 Ho 00000000 
•··- ·-··----·-···------··--·-·-·•-• ACE• 1 5  SE I •  I -------------------------------------
HT ,. 1 6 1 1 . J]JJJJJJ  4l . JTZ6 1 6 1 Z  1 ff5. 43H .. 49 Ul5. 00000000 1 1400 00000000 
--------------------------------- AGE• 1 6  S E l• O ------------------------------------
HT '8 l6J 1. 00000000 ,,:u,., ... l l41. 91 41936l l55l. OOOOOOOO nzo. 00000000 
----------------------------------- AGE• l6 SEX• l ··-••••-----------------------------
HT '' ... J . 60000000 . , . ,a z•••,z l 9Z5. ll l64106 1 5 10. 00000000 1 140. 00000000 
----------------------------------- ACE• 1 1  S E X •  0 -------------------------------------
MT ,. 16Z8. 18461 531 4Zo4J919ZOJ I IOI . OHOZOZ4 1541. 00000000 UU.00000000 
. -------------------------------------- ACE• l1 SEX• I -------------------------------------
MT Z4 1 101. 16666661 45o 1 1 1 1 0l l4 Z 04JO. l 449ZH4 1600. 00000000 l 116 o 00000000 
-�-------------------------------- AGE• l8 SEl• O -------------------------------------
HT 1 6  1 M l o 68 HOOOO 
---------------------------------· AGf• 18 SE I• I -------------------------------
MT n 1 n•. ,z 000000 60 .6H980ZZ J HZ . 06000000 1600. 00000000 l M6. 00000000 
·---- ------------------------------- AGE• l 9 SE I• 0 ----------------------------------
HT • l 6Z •• 66666661 10 .6191919 1 .. 1 . noooooo u n . 00000000 161 1 . 00000000 
-----------------------------·--·-•• lGE• 1 9  S E  I• I ··--------------------------------- . ---
HT 4 1 100. 15000000 69 . 5 162113 1  4 14Z . l5000000 1 100. 00000000 1860. 00000000 
-------·---------·-··--------------- ACE • lO SE I• 0 --------------··--·----------------· 
MT 'I l 'l8 ' . 600l>OOOO 46 .051'1ll61 Z I Z I . JOOOOOOO 15 ll. OOOOOOOO l6'1Z. OOOOOOOO 
--------------·--------------·--·-·- lGf • ZO SEX• I --------------------------------------
• HT 1 n•. n n n n  61 . 191 Jl64 1  4 069. J J J J J J J J  1 666. 00000000 1 18l o 00000000 
-----------····----------------·--··-·- ACE• 1. 1 S El• 0 ··-·-·-··-··--····------ ------------- ••• 
HT 6 usn. 1 6666661 64 . soe69lU uoo. 1 6666661 u u . 00000000 16•1.00000000 
------------·-----------------------·- AGE• '1 Z SF I• 0 -·--••••·--------------------------··---






OE V I U I ON 
VH I A,CIE llll HI 111UN 
VALUE 
.... . .. "" 
VAL UIE 
------------------------------------- AGf• ZZ SIE I• I ------------------------------------
HT 1 "  1. oooooono 44. 5108111 6 1 '13 . 00000000 1 '41 . 00000000 lU0. 00000000 
---- ------------------- ---------- AGIE• Z l Sf I• 0 ------------------------------------
HT I 1 614. 7'000000 49.66674656 2.W.6. 1157 1429 1560. 00000000 169' .00000000 
------------------------------------ AGIE• 2 l  S IE l •  I -----------------------------------
HT 6 UU. lHl ll ll 65.ll l l712 1 4 12 0. 66666667 1 664. 00000000 1 15 0. 00000000 
---------�------------------------ AGIE• 24 S IEl•O ---------------------------�--------
HT 5 162•. 20000000 n .oi.22 1 1 5 HI . 70000000 1 61 0. 00000000 l 6H. OOOOOOOO 
------------------------------------ AG!:• 24 SIEl• I ------------------------------------
HT 1 115. 50000000 50.10451146 n2 0. 50000000 1 no. 00000000 1 12 1 .00000000 
---------------------------------- AGIE• 25 SIEl• O ---------------------------------------
NT • 1640. 55555556 56. 6150401• uo,. n nnn nH. 00000000 un.00000000 
-�---------------------------- AGIE•Z5 SIEl• I --------------------------------------
NT 2 1 1••· 50000000 l J .  4 U02 1114 1 90. 5 0000000 1 760 • 00000000 1 TH. 00000000 
--------�------------------------- AGIE• Z6 SIEl• O ---------------------------------------
HT tt 16n . n ,ooooo u. n 2 7' 1 TO 19U. 5'Hll 4J u n . 00000000 16 ... GOOOOOOO 
------------------------------------- AGIE•Z6 SIE l• l ----. --------------------------------
HT J4.61 1 016l4 lZ02 .  11ll1111 lHJ. 00000000 l l00.00000000 
------------------------------------- AGE• 2l S IEl• 0 --------------------------------------
Hf 6 1 6 1  •• 66,.66667 41 .00569066 UU . 46666661 1 '4•. 00000000 1 664. 00000000 
------------------------------------ AGE • 27 SIEl• I --------------------------------------
Hf 1 ,n,.. •0000000 • • l •l JH 1 6  14. 50000000 1 100. 00000000 1 n, .  00000000 
------------------------------------- AGE• 21 S IE I •  0 ---------------------------------- ---
Hf 1622. 5001)01)00 24. 1 4'1 7Hl4 6 1 1 . '10000000 1 60'1. 00000000 1 640. 00000000 
------------------------------------- AGf• 11 SE X• I -------------------------------------
Hf 1 1•,. oonooooo 56 . 4612tt0 1 tt  l l ltt. 6666666 7 1 740. 00000000 1 1•4 . 0000lOOO 
-------------------------------------- A&IE• ,. SE I• 0 ---------------------------------------
MT 10 1 . 1 0 '2fl26 1 061 9. 0000000 1 462 . 00000000 16' 1 . 00000000 
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V AII I HL E  N 
( Continued) 
SUNOAIIO 
Of V I AT I ON  
VAII I ANCE NI NI NtJN 
VALUE 
NAX I NUN 
VM. UE 
••••• -------------------------------- AGE• 29 SEX•  1 -------------------------------·---
HT 6 1 1• 1 . n nn n  61 . U60l 56 1  3 12 6. 1 6666661 1 66'. 00000000 1 116. 00000000 
----- ------------------------------- AGf • lO SE X• O -----------------------��------
HT , un. 66666661 at. 5 1 163191 1 0 1 2. n n n n  n ,0. 00000000 1611.00000000 
------------------------------------- AGE •JO SEX• l -------------------------------
HT 4 I TU. 25000000 26 . H HUII 695. 51JJJJJJ  l 6H . OOOOOOOO 1 140. 00000000 
•••••--------------------------------- AGE• J I S EX•O --------------------------------
HT 5 160l. 20000000 •1. 1 1 651'2 ,  2 , 1 5. 2 0000000 1n6. oooooooo 1•H.oooooooo 
------------------------- ---- AGE • 3 l SE X• l ---------------------------------
lfT 5 l 766.60000000 66 . 1 9761307 4415 . JOOOOOOO 1 673. 00000000 1150. 00000000 
--------------------------------- AGE• J 2  SE X•O - -
lf T  1 0  l 6 1 J. l 0000000 51.2 no2211 n u. ,11111.. 15 1 1. 00000000 1610 .. 00000000 
------------ -------------- AGE• JZ SE X• l ----------------------------
lfT 1 nn. ,uooooo ... , 1 1 ,n61 1,tt. u ,00000 u 1 • . oooooooo 1u, .. oooooooo 
----------------·------------------ AGE• J J  Sf l•O ---------------------------�---
lfT • l6Jo . nnnn 36. 0592 1 05 1  l J00 . 2 6  ... 661 1 566. 00000octo 1660. 00000000 
--------------------------------- AGE • JJ Sf X• l --------------------------
HT • l l40 . nnn11 51.951 l40T4 3415. 944444"" l 6T2 . 00000000 1124. 00000000 
·-------------------------------- AGE• J4 SEl• O ----------
HT 4 1 6'1). 00000000 5 2. l l 4 1 J9'12 2 TH. JJJJ3JJJ 1595. 00000000 l lU . 00000000 
---------------------------------- AGE• J4 SEX•  l ---------------------------------
HT 5 l 146. 800001t00 n. n.,2929 2 Hl . JOOOOOOO uoo. 00000000 llJT.00 000000 
--------------------------------------- AGE• 15 S fX• O ---------------·--·--------------
Hf 6& . 50111144 , 112 . 66666661 a , n. 00000000 un.00000000 
----------------------------------- AGE• J5 S f l• I ----------------------------------
HT 1 TZO. 00000000 145. 66]9'692 2 1 2 1 1. 0000000 l61 1. 00000000 112,. 00000000 
·----------------------------------- AGE• 16 SEl• O ----------------------------------
HT  t 1644 . 22222222 l l .2616 1066 l 040. 944444 .. l 512 . 00000000 l 695. 00000000 
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Y H I AIILF. ,. 
(Continued) 
SUNDU D 
0£Y I AT I OIII 
VAIi UNCE "' "'""" 
YALUE 
.. AX I NUN 
VAL UE 
·------------------------------------ AGF • l6 SF X• I -----------------------------------
HT 4 1 11 1 .  z,000000 J1. •1049JU un. ,annn 1 no. oooooooo 1 1, e . 00000000 
-----------------------••••••••••••• AGE •l1 S E X• O -------------------------------·---
HT • 161 1 . 00000001'1 , a . ,11,01 1  1 411. noooooo n.0. 00000000 l6H. oooooooo 
------•••••••------------------------ AGE• 31 SEl• I ---------------------------------
H T  4 1 n,. 1'000000 10. ,0000000 010. z,000000 1 640. 00000000 1 1•0. 00000000 
-----------------------�------------- AGE • ll S El• O ·-------------------------���------
HT 6 1594. 50000000 40. 3 2 141 003 uu . , 0000000 U4Z. OOOOOOOO 16'0. 00000000 
-------------------------- AGE• 11 SEl• I -------------------------------
HT 1 1 16J. Z9'11429 H .64'1046 uu . z , eo9,z4 1 6H . OOOOOOOO 1 8'1. 00000000 
----------------------------------- AGE• J9 SEl•O ••••---•••·--------------------- ----
HT 4 16'6. ,ooooooo H . 9U'1199 l Z9J. 6666 ... T 1 614. 00000000 lTOT. 00000000 
---------------------------------- AGE• J9 SE X• I -----------------------------
HT Z 1 16 1. ,0000000 u.  ,0000000 1 1n. 00000000 1 no. 00000000 
---------------------------------- AGE•40 SEl• O ·-----------------------------------
HT 4 1 651. 00000000 ., . 16 10 1050 9 1 19. JJJJJJJJ 1 600. 00000000 1 100. 00000000 
•••----------------------------•••• AGE•40 SE l• I -------------------------------------
HT I l 1 1 1. 00000000 n . zzzzo,0 1 un. n •z aH1 1nz. oooooooo un. 00000000 
-----------------------------------· AGE •4 1  SE X• O ------------------------------------
H T  6 l 6Z J. ,OO'J00f10 J1.9'U JZ6 l 6  l 1 5 1 . 1 0000000 lHZ. 00000000 l 6H.OOOOG OOO 
--------------------------------------- AGE• 4 I S El• I ·---------------------------------------
HT ,, . ,09u10 J06Z •• ,n,oo 1 694 . oooooooo uu. 00000000 
••-••••·------------------------•••-••• ACE• 41 S E l• 0 --•• ••---------------------------------
ICT , 1 60Z. 600f)0000 1 1 . 199 19014 1 01' . 10000000 1 5 50. 00000000 1640. 00000000 
•••--•••••··- -------------------------- Ar.C • 4l S£ X• 1 ----------------------------------------
1 1440 4l ll'Ht 4) 6 f1 . H110l  99, l6ll.6l 90416l 160. 00000000 l 111 .00000000 
· ------------------------------------- ACE • 4J SE X• I -------------------------------------
HT 9 1 ,,,. 666666,., 4 1 . J l �OTl66 1119. 00000000 1 , ,1. 00000000 11,, . 00000000 
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VA" Ull E 
(Continued) 
"UN SUNOUO 
OEV UT I ON 




-------------------------------·------ AGE••.. Sfl• O •-•--•-•••••••••••-•-•••--------• 
HT 5 l 5't'I. 60000000 "9. 69l05l 61 Z 46't. JOOOOOOO u u . 00000000 1651.00000000 
--------------------------------------- AGE• •• S El• l ---------------------------
Hr 6 • .,.l. lJJJJ3JJ u . 1 nn 1 • 0  Ho1 . T6666H7 1 660.00000000 1 1 1 1.oooooooo 
-----------------------•••••••••••• AGE• •5 SE l• O --------------------------------
HT l 1 60 1. 00000000 60. ll l l lJ I I  J6'tl. OOOOOOOO 1 56 •• 00000000 l650.00000000 
--------------------------------- AGE••5 SE l• l --------------------------�--
HT 6 UH. IUJJJJJ •• • •••06166 l •I0. 1 6666661 l l l Z . 00000000 llJZeOOOOIOOO 
----------------------------- A"••• SEl•O ------------------------
Hf 6 1 605. JJ JJJJJJ ••. H•nn, z •n . ,  ..... ,, u ... ooooooeo noo. ooaooooo 
--------------------------- AGE••• SE 1• l ---------------------
"' • UJl . JJJJJJJJ ••. oe•zo•sz 24'09 .  15000000 1 ,, •• 00000000 1 100. 00000000 
------••••••-•••••·------·--•-•••••• AGf•• 1  SE l• l ----•··------
"' • 1 71 5 .  15000000 ... 09J650H . .... 2 5000000 1 JJ0.00000000 lU6. 0000DOOO 
•••••-------------------------·•• AGf••I SEl•O • 
HT • l 6JJ. 75000000 z•.ffUJJZ I W•• •l ... 661 lH?.00000000 IHJ . 00000000 
--------------------------------- AGE••• Sfl•  l -----------------------
HT • l U l .  00000000 l l .  00000000 ... • 00000000 1 100. 00000000 1 1•0. 00000000 
---------------·--··--------------- AGE• •• Sfl• O --------------------------------
HT 1 l6U. 1 1 U H1l n . 10 1  .. • 1 ,  u .z . sn •u5 7 1 ,n. 00000000 1 .. 0.00000000 
------------------------------------ AGE• •t Sf l• l ••••••••·--------------------
HT 1 111. nnnn J6. 1 1 5555ZI I JO.. JJ JUUJ 1 156. 00000000 lU0. 00000000 
----- ----------- --------------------- AGE• 50 S f 1•0 -------------------------------
H T  1 ,  • • •  60000000 H . 1•• aou1 u1• . 10000000 1510. 00000000 1 60. 00000000 
------------- -------------------------- AGE• 50 Sfl• l --------------·-------- -----
Hr  1 1 1 •. �0000000 z•.016••011 , 16 . 10000000 1 ,1,. 00000000 1 1,0. 00000000 
--------------------------------------- AGE • 'I  l S fl• O -------------------------------------
ttT 1 6• 1 . 66666661 ze . o uonz 101 . n,,nn 1 6 1 0. 00000000 l6n. oooooooo 
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YA• I A ll E Ill 
(Continued) 
SUIIOHO 
OE V U T I ON 




------------------------------------- AGE• 'I I se•• • ------------------------------------
HT . 'I I 11 I • 00000000 4 •• 964.8774 1 4•6. 50000000 1 650. 00000000 1 76Jo 00000000 
--------------------------------·-- AGE• 'IZ SE a• 0 -----------------------------------
HT 6 1 5•11. 16666667 4 1 . 40249590 1 71 4. 1 6666667 1'14 1 . 00000000 1642.00000000 
------------------------------- AGE•'l 2 SEa• l ----------------------------
HT 1 1 no. 1 nooooo 61 .471 97021 468 1 . 4 1 01 1 429 l60J . OOOOOOOO II00.00000000 
-----------. ----------••-• ACf•5 J  SE a•O --------------------------
HT Z 1 604. 50000000 4, ... 1 •4011 u u . ,0000000 a , 12. 00000000 t6J 1.oooooooo 
--------------------------------- AGE• 5J SEa• l ------------------------------ -· --
HT 5 1 61 1 . 00000000 6Z .4H"9ZO UO'l . 00000000 1 640. 00000000 I H0.00000000 
-------------------------------- A5E•'l4 Sfa• l --------------------------------------
NT 5 I Tl 9. 10000000 10.0401010 490, . 10000000 1646. oooooooo 1 1u. oooooooo 
_.__-------------------------------- AGE•'l5 SE a•O -------- ---------------------------
NT 4 a ,n. noooooo 61.9J656504 475z. z,oooooo 1,z,. 00000000 1 611.tooooooo 
---------------------------••••• AGf • '15 Sfa• I -------------��---------------
'" I 1 74'. 1 2 500000 54. 2 '7 1 '1114 2 •4J. IHH'71 1 650. 00000000 I IJ4.00000000 
----- -------------------------------- AGE• 56 S fl• 0 -------------------------------------
HT 1 5 70. 00000000 l41 . 4U J'l6Z4 z oooo. 0000000 1410.00000000 1uo.oooooooo 
------------------------------------ AGE• 56 SE•• I -------------------------------------
HT ]9.10667561 1 514 . 571421'17 1 6 1 0. 00000000 11,,. 00000000 
-------------------------------------- AGE • 57 S E X•O ----------------------------------
HT t t.112. oooooono l61Z.OOOOOOOO 1 6 12 . 00000000 
------------------------------------- AGf• 'l 7 S( X• l ------------------------------------
HT 4 1 101. 'S00001)00 ] .69614'150 1 , . 66666667 1 10,. 00000000 nn. 00000000 
---------------------------------•••-• AGE • 'Ill Sf X•O ------------------------------•--·-----
HT l 6 l  I .  00000000 z5. 455 944 1 z  14 11 . 00000000 1 5•> . oooooooo 1 •29. 00000000 
------------------------------•-••••••• AGE • 'II Sf I• I -----------------------------·-------
HT 111 . 251 11zu u• 1 . 10000000 16"1. 00000000 1 1n. oooooooo 
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V AR U lll F 
( Continued) 
IIUN SUNOARO 
OE V I A r l ON 
VAR I ANCE II I N I IIUII 
VAL UE  
11,U I IIUII 
VALUE 
-------------------------------------- AGE• 19 SE I• 0 -------------------------------------
HT l HO. 00000000 l HO. 00000000 l H0. 00000000 
------------------------------------ AGE• 19 SE I• l •-----------•------·-----·----------
H T  4 1 11 ,. 10000000 1 1 . , 1 191620 2 659. 66666661 l64So 00000000 l 16S . OO OOOOOO 
• -··- ·---------·----------------------- AGE• 60 SE l•O ------------------------------
HT l l '90. 50000000 4 l o 1 l U0009 l 140. 10000000 UH. 00000000 l6ZO. OOOOOOOO 
-------------------- ------------------ AGE• 60 SE I• l -----------------------------
HT 1 146 .  00000000 n . 11 1 1093 .0,0. 00000000 1 691 . 00000000 1ao1. oooooooo 
-------------------------------- AGE •6 1  SE I •  I ------------------- ------
HT 1 no. 00000000 1 710. 00000000 1 1,0. 00000000 
-----------·-·--------------------- AGE •  63 SE 1•0 -·------------------------------
HT z 1 ,u. 10000000 9 o l9ZHa l 6  14 . 5 0000000 1 550. 00000000 UH. 00000000 
----------------------------- AGE•6J SEX• I ------------------------------
HT 1 100. 00000000 1 ,oo. 00000000 1100. 00000000 
-------------------------------- AGE• 64 SEl•O -----------------·----------------
NT 1 5 9 0. 00 000000 1110. 00000000 1110.00000000 
--·-------·-------------···------ AGE• 64 S E X• I ·------------------·----·--------•-
HT I n.. 00000000 1 196. 00000000 11 ... 00000000 
----------------------------- AGE• 65 S E l•O -----------•-••-------------� 
HT 1 550. 00000000 I 1 '.0.00000000 IH0.00000000 
----- -------------------------·----- A GE •66 SE I• 0 ---------------------------·-----·· 
HT l l 60Z . 50000000 J . 5 )553)9 1 u . 10000000 1 •00. 00000000 1601 . 00000000 
------------------------------------ AGE •66 SEX• I ----------------------------------
HT I 704. 66666661 l J . 419 18441 550. J JJJJJJJ l 6 1"t.OOOOOOOO 1 121. ooaooooo 
- -------------------- ------------------ AGE• 67 Sf l•O -----------------------------------
HT l 6l0. 00000000 1620. 00000000 162 0. 00000000 
---------------------------- --------- AGE•6 1  Sf I• I ------------·------------------------
HT l f•9 l . 000ft0000 16�1. 00000000 1 693. 00000000 
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W Al! U 9l E  .. 
(Continued) 
ST ANOHO 
0£ W I AT ION 
VAII I ANCE II I N I NUN 
VAlUE 
IIAX I NUN 
VALUE 
---------------------------------- AGF •69 SE 11• l -----------------------------------
HT l l M4. 00000000 •••••••••• 91 .00000000 l 6Jf. OOOOOOOO l H l . 00000000 
-------------------------�------- AGE•1Z  SEll•O  -------------------------------------
"' 1 ,a,. 00000000 1,,, . 00000000 1,1 ,.00000000 
---------------------------------- AGE•TZ SEll• l ----------------------------------
HT 1 .. 1. 00000000 l69T.OOOOOOOO 1691.00000000 
-------------- --------------- AGE•?)  SE  11• l ---------------------------------
HT l TOO. 00000000 l T00. 00000000 lT00. 00000000 
-----------------•·--·---------- AGE•TT Sf ll•l ----------------------------------
NT l ,00.00000000 1 ,00.00000000 1 100. 00000000 
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